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A U T H O R ’ S 

PREFACE. 

AN  hundred  and  fifty  years  are  fcarce  elapfed 
fince  the  clouds  of  prejudice,  which  had  long 
overfpread  the  world,  began  to  clear  up,  and  men 
were  convinced,  by  cultivating  the  Sciences  and 
attending  to  Nature,  that  no  fanciful  hypothefes 
would  ever  lead  them  to  the  true  caufes  of  thofe 
various  phenomena  that  inceflantly  and  every  where 
meet  the  obferver’s  eye  ; but  that  the  narrow  limits 
of  the  human  underftanding  confine  the  courfe  of 
our  refearches  to  one  fingle  path ; namely,  that  of 
Experiment,  dr  the  Ufe  of  our  Series.  Yet,  in  this 
Ihort  period,  Natural  Philolophy  hath  rifen  to  a 
high  pitch  of  improvement,  and  may  with  truth  be 
faid  to  have  made  much  greater  advances  towards 
perfedlion,  fince  the  experimental  method  was  in- 
troduced, than  in  the  many  ages  before. 

This  is  true  with  regard  to  every  branch  of 
Natural  Philofophy  ; but  more  particularly  with 
regard  to  Chymiftry.  Though  this  Science  cannot 
be  faid  to  have  ever  exilted  without  experiments, 
yet  it  laboured  under  the  fame  diladvantages  with 
the  reft ; becaufe  thofe  who  ftudied  it  made  all 
their  experiments  with  a view  to  confirm  their  own 
Hypothefes,  and  in  confequence  of  principles  which 
had  no  foundation  whatever,  but  in  their  wild 
imaginations, 
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Hence  arofe  that  enormous  heap,  that  incongru- 
ous jumble  of  facfts,  which  fome  time  ago  confti- 
tuted  all  the  knowledge  of  Chymifts.  , Moft  of 
them,  and  efpecially  thofe  who  alTumed  the  pom- 
pous title  of  A1  chymifts,  were  perfuaded  that  all  the 
Metals  were  no  other  than  Nature’s  rude  unfinifhed 
effays  towards  making  Gold  ; which,  by  means  of 
due  coftion  in  the  bowels  of  the  earth,  advanced 
gradually  towards  maturity,  till  at  laft  they  were 
perfe&ly  converted  into  that  beautiful  and  precious 
Metal. 

On  this  principle,  v/hich,  if  not  demonftrably 
falfe,  is  at  leaft  utterly  deftitute  of  proof,  and  un- 
fupported  by  a fingle  obfervation,  they  attempted 
to  finifti  what  Nature  had  begun,  by  procuring  to 
the  imperfect  Metals  this  much  defired  coition. 
To  attain  it  they  made  an  infinite  number  of  experi- 
ments and  trials ; which  all  confpired  to  detect  the 
falfity  of  their  fyftem,  and  to  fatisfy  men  of  fenfe, 
that  the  methods  they  employed  were  very  far  from 
anfwering  the  purpofe. 

However,  as  faits  always  promote  the  know- 
ledge of  Nature  Jt  happened  that  thofe  experiments, 
though  quite  ufelefs  with  regard  to  the  end  for 
which  they  were  originally  made,  proved  the  occa- 
fion  of  feveral  curious  difcoveries. 

Thefe  lucky  confequences  of  their  miftaken  la- 
bours raifed  the  courage  of  the  Chymifts,  or  rather 
Alchymifts,  who  looked  upon  every  fuch  inftance 
of  fuccefs  as  a new  ftep  towards  the  Grand  Work, 
and  greatly  increafed  the  fond  opinion  they  enter- 
tained of  themfelves,  and  of  their  Art,  which  on 
that  account  they  fet  up  very  high  above  all  other 
Sciences.  Nay,  they  carried  this  notion  of  fupe- 
riority  fo  far,  as  to  hold  the  reft  of  mankind  un- 
worthy, or  incapable,  of  rifing  to  fuch  fublime 
knowledge.  In  confequence  thereof  Chymiftry  be- 
came an  < occult  and  myfterious  Science;  its  ex- 
• ■ ; T preflionv 
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prefiions  were  all  tropes  aftd  figures,  its  phrafes 
metaphorical,  and  its  axioms  fo  many  enigmas:  in 
fhort,  an  obfcure  unintelligible  jargon  is  the  jufteft 
character  of  the  Alchymiftic  language. 

Thus,  by  endeavouring  to  conceal  their  fecrets, 
thofe  gentlemen  rendered  their  art  ufelefs'to  man- 
kind, and  brought  it  into  deferved  contempt.  But 
at  length  the  genius  of  true  Philofophy  prevailed  in 
Chymiftry,  as  well  as  in  the  other  fciences.  Some 
great  men  arofe,  who  had  generofity  enough  to 
think  their  knowledge  no  otherways  valuable  than 
as  it  proved  of  fervice  to  Society.  They  did  their 
utmoft  to  introduce  both  the  knowledge  and  the 
pradtice  of  many  important  fecrets,  till  then  of  no 
ufe  3 they  drew  afide  the  veil  which  hid  the  charms 
of  Chymiftry 3 and  that  Science  emerging  from  the 
profound  obfcurity  in  which  it  had  for  many  ages 
lain  concealed,  gained  the  admiration  of  the  world 
as  foon  as  it  appeared  in  open  day.  Several  focieties 
of  ingenious  men'  were  formed  in  the  molt  learned 
countries  of  Europe,  who  vied  with  one  another  in 
their  labours  to  execute  the  noble  fcheme,  and  af- 
fifted  each  other  by  mutually  communicating  their 
difcoveries.  Chymiftry  made  the  molt  rapid  pro- 
grefs,  enriching  and  perfedting  the  Arts  derived 
from,  or  depending  on  it.  In  a word,  it  put  on  a 
new  face,  and  became  truly  worthy  of  the  title  of 
Science  j founding  its  principles  and  its  procefies  on 
folid  experiments,  and  on  juft  confequences  deduced 
from  them. 

1 Since  that  time  the  Art  is  become  fo  extenfive, ' 
by  the  numerous  difcoveries  which  Chymifts  have 
already  made,  and  are  daily  making,  that  large  vo- 
lumes are  required  to  contain  a complete  Treatife 
on  the  fubjedt.  In  fhort,  Chymiftry  may  now,  in 
fome  degree,  be  compared  to  Geometry ; each  of 
thefe  Sciences  takes  in  a moft  ample  field  of  en- 
quiry, 
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quiry,  which  every  day  enlarges  very  confiderably  ; 
from  each  are  derived  feveral  Arts,  not  only  ufeful 
but  even  neceftary  to  Society;  each  hath  its  Axioms 
and  its  undeniable  principles,  either  demonftrated 
from  internal  evidence,  or  founded  on  conftant  ex- 
perience ; fo  that  the  one,  as  well  as  the  other,  may 
be  reduced  to  certain  fundamental  truths,  on  which 
all  the  reft  are  built.  Thefe  fundamental  truths  con- 
nected together,  and  laid  down  with  order  and  pre- 
cifion,  form  what  we  call  the  Elements  of  a Science. 
It  is  well  known  that  there  are  many  fuch  works 
relating  to  Geometry,  but  it  is  not  fo  with  regard  to 
Chymiftry ; there  being  very  few  books  which  treat 
of  this  Science  in  an  Elementary  manner. 

Yet  it  muft  be  owned  that  performances  of  this 
kind  are  exceedingly  ufeful.  Many  who  have  a 
relifh  for  the  Sciences,  but  have  not  leifure  to  read 
elaborate  Works  which  treat  of  them  minutely,  are 
glad  to  meet  with  a book  from  which,  without  facri- 
ficing  too  much  of  their  time,  or  neglecting  their 
ordinary  bufinefs,  they  may  obtain  a tafte  or  juft  no- 
tion of  a Science  that  is  not  their  principal  ftudy. 
Thole  who  incline  to  go  further,  and  learn  more, 
may,  by  reading  an  Elementary  trad!,  be  enabled  to 
underftand  Authors  who,  as  they  commonly  Write 
only  for  proficients  in  the  Art,  are  obfcure  and 
hardly  intelligible  to  mere  beginners.  Nay,  I pre- 
fume to  fay  that  an  Elementary  Treatife  of  Chy- 
miftry may  prove  a very  ufeful  book,  even  to  thofe 
who  have  made  fome  progrefs  in  the  Science ; for 
as  it  contains  only  the  fundamental  propofitions,  and 
indeed  is  an  abftrad!  of  the  whole  Art,  it  may  help 
them  to  recoiled!  the  moft  important  parts  of  what 
they  have  read  in  many  different  works,  and  fix  in 
their  memories  the  moft  efiential  truths,  which  might 
elfe  be  either  confounded  with  others,  or  entirely 
forgot.  And  thefe  are  the  motives  which  deter- 
mined 
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mined  me  to  compofe  the  W ork  which  I now  offer 
to  the  Publick. 

The  general  plan  on  which  I proceed  is  to  fup- 
pofe  my  Reader  an  abfolute  Novice  in  Chymiftry  ; 
to  lead  him  from  the  moft  fimple  truths,  and  fuch 
as  imply  the  lowed;  degree  of  knowledge,  to  fuch  as 
are  more  complex,  and  require  a greater  acquaint- 
ance with  Nature.  This  order,  which  I have  laid 
down  for  my  rule,  hath  obliged  me  tc^  begin  with 
examining  the  moft  fimple  fubftances  that  we  know, 
and  which  we  conftder  as  the  elements  whereof 
others  are  compofed  as,  by  knowing  the  properties 
of  thefe  elementary  parts,  we  are  naturally  led  to 
thofe  of  their  feveral  combinations  j and  on  the 
other  hand,  in  order  to  know  the  properties  of  com- 
pound bodies,  it  is  neceflary  we  ftiould  be  firft  ac- 
quainted with  the  properties  of  their  principles.  The 
fame  reafon  induced,  me,  when  enquiring  into  the 
properties  of  one  fubftance,  to  take  no  notice  of 
thofe  which  relate  to  any  other  fubftance  not  treated 
of  before.  For  example:  as  I treat  of  Acids  before 
Metals,  I fay  nothing  under  the  head  of  thofe  Acids 
concerning  their  pov/er  of  diftblving  Metals  : that  I 
defer  till  I come  to  the  fubjecft  of  Metals  : and  thus 
I avoid  fpeaking  prematurely  of  a fubftance  with 
which  I fuppofe  my  Reader  wholly  unacquainted. 
And  this  method  I was  fo  much  the  more  eafily  in- 
duced to  follow,  that  I know  of  no  Chymical  book 
written  on  the  fame  Plan. 

After  difcourfing  of  Elements  in  general,  I treat 
next  of  fuch  fubftances  as  are  immediately  com- 
pofed of  them,  and  are,  next  to  them,  the  moft 
fimple:  fuch  are  all  faline  fubftances.  This  head 
comprehends  mineral  Acids,  fixed  Alkalis,  and  their 
feveral  combinations  : the  volatile  fulphureous  fpirit, 
fulphur,  phofphorus,  and  the  Neutral  falts  which 
have  an  earth  or  fixed  Alkali  for  their  bafts:  thofe 
7 which 
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which  have  for  their  bafis  either  a Volatile  Alkali 
or  fome  metallic  fubftance,  are  referred,-  according 
to  my  general  Plan,  to  the  head*  under  which  I 
treat  of  thofe  fubftances. 

Metallic  fubftances  are  fcarcejy  more  compound- 
ed than  the  faline ; which  induces  me  to  confider 
them  next.  I begin  with  thofe  which  are  the  moft 
ftmple3  or  at  lead:  feem  to  be  fo  ; becaufe  their  prin- 
ciples, being  very  ftrongly  conne&ed  together,  are 
feparated  with  the  greateft  difficulty : fuch  are  the 
Metals  properly  fo  called]  namely  Gold,  Silver 
Copper^  Iron,  Tin,  and  Lead.  After  thefe  come  the 
Semi-metals  in  order;  to  wit,  Regulus  of  Anti- 
mony, Zinc,  Bifmuth,  and  Regulus  of  Arfenic* 
Mercury  being  a doubtful  fubftance,  which  fome 
Chymifts  rank  with  the  Metals,  and  others  with  the 
Semi-metals,  becaufe  it  actually  poffefles  certain 
properties  in  common  with  each,  I have  treated  of 
it  in  a feparate  Chapter,  which  ftands  between  the 
Metals  and  Semi-metals* 

I next  proceed  to  examine  the  feveral  forts  of 
Oils,  whether  Vegetable,  which  are  divided  into 
fat,  effential,  and  empyreumatic ; or  Animal,  and 
Mineral  Oils.  , 

By  examining  thefe  fubftances  we  obtain  ideas  of 
all  the  principles  which  enter  into  the  compofition 
of  Vegetable  and  Animal  bodies;  that  is,  of  thofe 
fubftances  that  are  capable  of  fermentation  : this 
enables  me  to  treat  of  fermentation  in  general ; of 
its  three  different  degrees  or  kinds,  the  fpirituous, 
acetous,  and  putrid ; and  of  the  produdts  of  thofe 
fermentations,  ardent  fpirits,  acids  analogous  to  thofe 
of  vegetables  and  animals,  and  volatile  alkalis. 

The  order  in  which  I treat  of  all  thofe  fubftances 
being  different  from  that  in  which  they  are  obtained 
from  compound  bodies,  I give,  in  a diftin£t  chapter, 
a general  Idea  of  Chymical  Decompofition,  with  a 
f ' view 
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view  to  fhew  the  order  in  which  they  are  feparated 
from  the  feveral  bodies  in  the  compofition  whereof 
they  are  found.  This  brings  them  a fecond  time 
under  review,  and  gives  me  an  opportunity  of  dif- 
tinguiffiing  thofe  which  exift  naturally  in  compound 
bodies,  from  thofe  which  are  only  the  reiult  of  a 
new  combination  of  fome  pf  their  principles  pro- 
duced by  the  fire. 

The  fucceeding  Chapter  explains  the  late  Mr, 
Geoffroy’s  Table  of  Affinities  j which  I take  to  be 
of  great  ufe  at  the  end  of  an  Elementary  Tra£t  like 
this,  as  it  colletts  into  one  point  of  view  the  mofl 
effential  and  fundamental  dodtrines  which  are  dif- 
perfed  through  the  work. 

I conclude  with  an  account  of  the  Conflrudlion 
of  fuchVeffels  and  Furnaces  as  are  ufually  employed 
in  Chymiflry. 

In  this  Part  I fay  nothing  of  any  manual  opera- 
tions, or  the  feveral  ways  of  performing  Chymical 
proceffes ; referving  thefe  particulars  for  my  Treatife 
of  Practical  Chymiflry,  to  which  this  mufl  be  con- 
$dered  as  aji  Introduction. 
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E'L  E M E N T S 

OF  THE 

THEORY  oe  CHYMISTRY. 


CHAP.  I. 

Of  the  Principles  of  Bodies . 

THE  Objeft  and  chief  End  of  Chymi- 
flry  is  to  feparate  the  different  fubflances 
that  enter  into  the  compofition  of  bodies; 
to  examine  each  of  them  apart;  todifcover  their 
properties  and  relations  ; to  decompofe  thofe  very 
fubflances,  if  poffible;  to  compare  them  together, 
and  Combine  them  with  others;  to  reunite  them 
again  into  one  body,  fo  as  to  reproduce  the  ori- 
ginal compound  with  all  its  properties;  or  even 
to  produce  new  compounds  that  never  exilled 
among  the  works  of  nature,  from  mixtures  of 
other  matters  differently  combined. 

But  this  Analyfis,  or  Decompofition,  of  Bodies 
is  finite;  for  we  are  unable  to  carry  it  beyond  a 
certain  limit.  In  whatever  way  we  attempt  to  go 
Vol.  I.  B further. 
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further,  we  are  always  Hopped  by  fubftances  in 
which  we  can  produce  no  change,  which  are  inca- 
pable of  fyeing  refolved  into  others,  and  which 
Hand  as  fo  many  firm  barriers  obftrudfing  our 
progrefs. 

To  thefe  fubftances  we  may,  in  my  opinion, 
give  the  title  of  Principles  or  Elements  : at  leaft 
they  are  really  fuch  with  regard  to  us.  Of  this 
kind  tlie  principal  are  Earth,  Water,  Air,  and 
Fire.  For  though  there  be  reafon  to  think  that  thefe 
are  notthefirft  component  parts,  or  the  moftfimple 
elements,  of  matter;  yet,  as  we  know  by  ex- 
perience, that  our  fenfes  cannot  poffibly  difcover 
the  principles  of  which  they  are  competed,  it  feems 
more  reafonable  to  fix  upon  them,  and  confider 
them  as  fimple  homogeneous  bodies,  and  the 
principles  of  the  reft,  than  to  tire  our  minds  with 
vain  conjedures  about  the  parts  or  elements  of 
which  they  may  confift;  feeing  there  is  no  criterion 
by  which  we  can  know  whether  we  have  hit  upon 
the  truth,  or  whether  the  notions  we  have  formed 
are  mere  fancies.  We  Ihall  therefore  confider  thefe 
four  fubftances  as  the  principles  or  elements  of  all 
the  various  compounds  which  nature  prefen ts  to 
our  enquiries  : becaufe  of  all  thole  we  know  they 
are  in  fad:  the  moft  fimple;  and  becaufe  all  our 
decompofitions,  all  our  experiments  on  other  bo- 
dies, plainly  prove  that  they  are  at  laft  refolvable 
into  thefe  primary  parts. 

Thefe  principles  do  not  enter  in  the  fame  pro- 
portion into  'All  bodies : there  are  even  fome  mixts 
in  the  compofition  of  which  this  or  that  particular 
principle  is  not  to  be  found.  Thus  Air  and  Wa- 
ter feem  to  be  wholly  excluded  frprn  the  texture  of 
Metals : at  leaft  all  the  experiments  hitherto  made 
on  them  feem  to  eftablifh  this  opinion. 

The  fubftances  compofed  immediately  of  thefe 
Firji  Elements  we  fhall  call  Secondary  Principles  ; 

becaufe 
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becaufe  in  reality  their  feveral  combinations  with, 
each  other,  the  interchangeable  coalitions  that 
take  place  between  them,  conftitute  the  different 
natures  of  all  other  bodies  ; which,  as  they  refult 
from  the  union  both  of  primary  and  fecondary 
principles,  are  properly  entitled  to  the  name  of 
Compounds  or  Mixts. 

Before  we  enter  upon  the  examination  of  Com- 
pound Subftances,  it  is  neceffary  to  confider  the 
molt  Simple  ones,  or  our  four  Firft  Principles, with 
fome  attention,  in  order  to  difcover  their  chief 
properties. 

§.  I.  Of  A 1 r* 

Air. is  that  Fluid  which  we  conftantly  breathe, 
and  which  encompaffes  the  whole  furface  of  the 
terreftrial  globe.  Being  heavy,  like  all  other 
bodies,  it  penetrates  into  all  places  that  are  not 
either  abfolutely  inacceffible,  or  filled  with  fome 
other  body  heavier  than  itfelf.  Its  principal  property 
is  to  be  fufceptible  of  condenfation  and  rarefaction ; 
fo  that  the  very  fame  quantity  of  Air  may  occupy  a 
much  greater,  or  a much  fmallerfpace,  according  to 
the  different  date  it  is  in.  Heatrand  cold,  or,  if  you 
will,  the  prefence  and  the  abfence  of  the  particles  of 
Fire,  are  the  moil  ufual  caufes,  and  indeed  the  mea- 
fures,  of  its  condenfation  and  rarefadtion:  for  if  a 
certain  quantity  of  Air  be  heated,  its  bulk  enlarges 
in  proportion  to  the  degree  of  heat  applied  to  it  j 
the  confequence  whereof  is,  that  the  fame  fpace 
now  contains  fewer  particles  of  Air  than  it  did  be- 
fore. Cold  again  produces  juft  the  contrary  effedh 
On  this  property  which  Air  has,  of  being  con- 
denfed  and’dilated  by  heat,  its  elafticiry  chiefly 
depends.  For  if  Air  were  forced  by  condenfation 
into  a lefs  compafs  than  it  took  up'  before,  and 
then  expofed  to  a very  confiderable  degree  of 
cold,  it  would  remain  quite  ina<ffive,without  exert- 
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ing  fuch  an  effort  as  it  ufually  makes  a gain  ft  the 
compreffmg  body.  Oh  the  other  hand,  the  elafti- 
ci'ty  of  heated  Air  arifes  only  from  hence,  that 
being  rarefied  by  the  action  of  fire,  it  requires 
much  more  room  than  it  occupied  before. 

Air  enters  into  the  cornpofition  of  many  fub- 
ftances,efpecially  vegetable  and  animal  bodies:  for 
by  analysing  moftof  them  fuch  a confiderable  quan  - 
tity thereof  is  extricated,  that  fome  naturalifts  have 
fufpetted  it  to  be  altogether  deftitute  of  elafticity 
when  thus  combined  with  the  other  principles  in  the 
cornpofition  of  bodies.  According  to  them  the  effi- 
cacy of  the  elaftic  power  of  the  Air  is  fo  prodigi- 
ous,and  its  force  when  compreffed  fo  exce (five, that 
it  is  not  poffible  the  other  component  parts  of  bo- 
dies fhould  be  able  to  confine  fo  much  of  it,  in  that 
ftateof  compreffion  which  it  mull  needs  undergo,if 
retaining  its  elafticity  it  were  pent  up  among  them. 

However  that  be,  this  elaftic  property  of  the 
Air  produces  the  moft  fingular  and  important 
phenomena,  obfervable  in  the  refolution  and  com- 
pofition  of  bodies. 

■§.  II.  Of  Water. 

Water  is  a thing  fo  well  known,  that  it  is  al- 
jmoft  needlefs  to  attempt  giving  a general  idea  of 
it  here.  Every  one  knows  that  it  is  a tranfparent, 
infipid  fubftance,  and  ufually  fluid.  I lay  it  is 
ufually  fo.;  for  being  cxpofed  to  a certain  degree  , 
of  cold  it  becomes  folid:  folidity  therefore  leems 
to  be  its  moft  natural  ftate. 

Water  expofed  to  the  fire  grows  hot  5 but  only 
to  a limited  degree,  beyond  which  its  heat  never 
rifes,  be  the  force  of  fire  applied  to  it  ever  fo  vio- 
lent: it  is  known  to  have  acquired  this  degree  of 
heat  by  its  boiling  up  with  great  tumult.  Water 
cannot  be  made  hotter,  becaufe  it  is  volatile,  and 
incapable  of  enduring  the  heat,  without  being 
evaporated  and  entirely  diffipated. 
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If  fuch  a violent  and  fudden  heat  be  applied  to 
Water,  as  will  not  allow  it  time  to  exhale  gently  in 
vapours,  as  when,  for  inilance,  a lmall  quantity 
thereof  is  thrown  upon  a metal  in  Fufion,  it  is  diffi- 
pated  at  once  with  vaft  impetuofity,  producing  a 
molt  terrible  and  dangerous  expldfiori.  This  fur- 
prifing  effedt  may  be  deduced  from  the  inflantane- 
ous  dilatation  of  the  parts  of  the  Water  itfelf,  or 
rather  of  the  Air  contained  in  it.  Moreover,  Water 
enters  into  the  texture  of  many  bodies,  both  com- 
pounds and  fecondary  principles;  but,  like  Air,  it 
jfeems  to  be  excluded  from  the  compofition  of  all 
metals  and  mold  minerals.  For  although  an  im- 
rnenfe  quantity  of  Water  exifts  in  the  bowels  of  the 
Earth,  moiftening  all  its  contents,  it  does  not 
therefore  follow  that  it  is  one  of  the  principles  of 
minerals.  It  is  only  interpofed  between  their  parts; 
for  they  may  be  entirely  robbed  of  it,  without  any 
fort  of  decompolition  : indeed  it  is  not  capable 
of  an  intimate  connection  with  them. 

§.  III.  Of  Earth. 

Wte  obferved  that  the  cyvo principles  above  treat- 
ed of  are  volatile;  that  is,  the  adtion  of  Fire  fepa- 
rates  them  from  the  bodies  they  help  to  compote, 
carrying  them  quite  off,  and  diffipating  them. 
That  of  which  we  are  now  to  ipeak,  namely  Earth, 
is  fixed,  and,  when  it  is  abfolutely  pure,  refills  the 
utmoft  force  of  Fire.  So  that,  whatever  remains  of 
a body,  after  it  hath  been  expofed  to  the  power  of 
the  fierceft  Fire,  muft  be  confidered  as  containing 
nearly  all  its  earthy  principle, and  confiding  chiefly 
thereof.  I qualify  my  exprefiion  thus  for  two  rea- 
fpns:  the  fiiit  is,  becaufe  it  often  happens,  that  this 
remainder  does  not  actually  contain  all  the  Earth 
which  exifled  originally  in  the  mixt  body  decom- 
pofed  by  Fire;  fince  it  will  afterwards  appear  that 
Earth,  though  in  its  own  nature  fixed,  may  be  t£n- 
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dered  volatile  by  being  intknately  united  with  other 
fubftances  which  are  fo  and  that,  in  fa£t,  it  is 
common  enough  for  part  of  the  Earth  of  a body  to 
be  thus  volatilized  by  its  other  principles  : the  fe- 
cond  is,  that  what  remains -after  the  calcination  of 
a body  is  not  generally  its  Earth  in  perfect  purity, 
but  combined  with  fome  of  its  other  principles, 
which,  though  volatile  in  their  own  natures,  have 
been  fixed  by  the  union  contradted  between  it  and 
them.  We  fhall,  in  the  fequel,  produce  fome  ex- 
amples to  illuftrate  this  theory. 

Earth  therefore,  properly  fo  called,  is  a fixed 
principle,  which  is  permanent  in  the  Fire.  There  is 
reafon  to  think  it  very  difficult,  if  not  impofiible, 
to  obtain  the  terrene  principle  wholly  free  from 
every  other  fubftance : for  after  our  utmoft  endea- 
vours to  purify  them,  the  Earths  vve  obtain  from 
different  compounds  are  found  to  have  different 
properties,  according  to  the  different  bodies  from 
which  they  are  procured  ; or  elfe,  if  thofe  Earths 
be  pure,  we  muft  allow  them  to  be  effentially  dif- 
ferent, feeing  they  have  different  properties. 

Earth,  in  general,  with  regard  to  its  properties, 
may  be  diflributed  into  fufible,  and  itnfiufible  j that 
is,  into  Earth  that  is  capable  of  melting  or  be- 
coming fluid  in  the  Fire,  and  Earth  that  conflantly 
remains  in  afolid  form,  never  melting  in  theflrong- 
eft  degree  of  heat  to  which  we  can  expofe  it. 

The  former  is  alfo  called  verifiable,  and  the  fe- 
cond  unvitrifiable  Earth ; becaufe,  when  Earth  is 
melted  by  the  force  of  fire,  it  becomes  what  we 
call  glq/Sy  which  is  nothing  but  the  parts  of  Earth 
brought inro  nearer  conta6l,and  more  clofely  united 
by  the  means  of  fufiqn.  Perhaps  the  Earth,  which 
we  look  upon  as  uncapable  of  vitrification,  might 
be  fufed  if  we  could  apply  to  it  a fufficient  degree 
of  heat.  It  is  at  leafl  certain  that  fome  Earths,  or 
Itones,  which  feparately  refill  the  force  of  Fire  fo 
' 7 that 
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that  they  cannot  be  melted,  become  fufible  when 
mixed  together.  Experience  convinced  Mr.  'du 
Hamel  that  lime-done  and  (late  are  of  this  kind.  It 
is  hovveyer  undoubtedly  true  that  one  Earth  differs 
from  another  in  its  degree  of  fufibility  : and  this 
gives  ground  to  believe,  that  there  may  be  a fpe- 
cies  of  Earth  abfolutely  unvitrifiable  in  its  nature, 
which,  being  mixed  in  different  proportions  with 
fufible  Earths,  renders  them  difficult  to  melt. 

Whatever  may  be  in  this,  as  there  are  Earths 
which  we  are  abfolutely  unable  to  vitrify,  that  is 
a fufficient  reafon  for  our  divifion  of  them.  Unvi- 
trifiable Earths  feem  to  be  porous,  for  they  im- 
bibe Water  ; whence  they  have  alfo  got  the  name 
of  Abforbent  Earths. 

§.  IV.V  Of  Fire. 

Ti-ie  Matter  of  the. Sun,  or  of  Light,  the  Phlo- 
giflon,Fire,  the  Sulphureous  Principle,  the  Inflam- 
mable Matter,  are  all  of  them  names  by  which  the 
Element  of  Fire  is  ufually  denoted.  But  it  fliould 
feem,  that  an  accurate  diftinclion  hath  not  yet  been* 
made  between  the  different  dates  in  which  it  exifbs  5 
that  is,  between  the  phenomena  of  Fire  actually 
exifting  as  a principle  in  the  compofition  of  bodies, 
and  thofe  which  it  exhibits  when  exifting feparately 
and  in  its  natural  date : nor  have  proper  didinht 
appellations  been  affigned  to  it  in  thofe  different 
circumdances.  In  the  latter  date  we  may  properly 
give  it  the  names  of  Fire,  Matter  of  the  Sun,  of 
Light,  and  of  Heat;  and  may  confider  it  as  a 
fubftance  compofed  of  infinitely  lmall  particles, 
continually  agitated  by  a mod  rapid  motion,  and 
of  confequence,  effer dally  fluid. 

This  fubdance,  of  which  the  fun  maybe  called 
the  general  refervoir,feems  to  flow  inceffantly  from 
that  fource,  diffufing  itfelf  over  the  world,,  and 
through  all  the  bodies  we  know;  but  not  as  a prin- 
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ciple,  or  eftential  part  of  them,  fince  they  may  be 
deprived  thereof,  at  lead  in  a great  meafure,  with- 
out fuffering  any  decomposition.  The  greateft 
change  produced  on  them,  by  its  prefence  or  its 
abfence,  is  the  rendering  them  fluid  or  folid  : fo 
that  all  other  bodies  may  be  deemed  naturally  folid; 
Fire  alone  eflentially  fluid,  and  the  principle  of 
fluidity  in  others.  This  being  prefuppofed,  Air 
itfelf  might  become  folid,  if  it  could  be  entirely 
deprived  of  the  Fire  it  contains;  as  bodies  of  moft 
difficult  fufion  become  fluid,  when  penetrated  by 
a fufficient  quantity  of  the  particles  of  Fire. 

One  of  the  chief  properties  of  this  pure  Fire  is  to 
penetrate  eafily  into  all  bodies,  and  to  diffufe  itfelf 
among  them  with  a fort  of  uniformi  ty  and  equality : 
for  if  a heated  body  be  contiguous  to  a cold  one,  the 
former  communicates  to  the  latter  all  its  excefs  of 
heat,  cooling  in  exadt  proportion  as  the  other  warms, 
till  both  come  to  have  the  very  fame  degree  of 
heat.  Heat,  however,  is  naturally  communicable 
fooneft  to  the  upper  parts  of  a body ; and  conse- 
quently,when  a body  cools,  the  under  parts  become 
fooneft  cold.  It  hath  been  obferved,  for  inftance, 
that  the  lower  extremity  of  a heated  body,  freely 
fufpended  in  the  air,  growrs  cold  foon.er  than  the 
upper  ; and  that  when  a bar  of  iron  is  red-hot  at 
one  end,  and  cold  at  the  other,  the  cold  end  is 
much  fooner  heated  by  placing  the  bar  fo  that  the 
hot  end  may  be  undermoft,  than  when  that  end  is 
turned  uppermoft.  The  levity  of  the  matter  of 
Fire,  and  the  vicinity  of  the  Earth,  may  poffibly 
be  the  caufes  of  this  phenomenon. 

Another  property  of  Fire  is  to  dilate  all  bodies 
into  which  it  penetrates.  This  hath  already  been 
fhewn  with  regard  to  Air  and  Water  ; and  it  pro- 
duces the  fame  eftedt  on  Earth. 

Fire  is  the  moft  powerful  agent  we  can  employ 
IQ  decompofe  bodies;  and  the  greateft  degree  of 
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heat  producible  by  man,  is  that  excited  by  the 
rays  of  the  fun  collected  in  the  focus  of  a large 
burning-glafs. 

V . Of  the  Phlogisto nt. 

From  what  hath  been  laid  concerning  the  na- 
ture of  Fire,  it  is  evidently  impoflible  for  us  to  fix 
and  coniine  it  in  any  body.  Yet  the  phenomena 
attending  the  combuftion  of  inflammable  bodies 
Ihew,  that  they  really  contain  the  matter  of  Fire  as  a 
conftituent  principle.  By  what  mechanifm  then  is 
this  fltiid,  which  is  fo  lubtle,  fo  active,  fo  difficult 
to  confine,  fo  capable  of  penetrating  into  every 
other  fubffance  in  nature ; how  comes  it,  I fay,  to  be 
fo  fixed  as  to  make  a component  part  of  the  moft 
folid  bodies  ? It  is  no  ealy  matter  to  give  a fatisfac- 
tory  anfwer  to  this  queftion.  But,  without  pre- 
tending to  guefs  the  caufe  of  the  phenomenon,  let 
us  reft  contented  with  the  certainty  of  the  fadt,  the 
knowledge  of  which  will  undoubtedly  procure  us 
confiderable  advantages.  Let  us  therefore  examine 
the  properties  of  Fire  thus  fixed  and  become  a 
principle  of  bodies.  To  this  fubftance,  in  order  to 
diftinguifti  it  from  pure  and  unfixed  Fire,  the  Chy- 
mifts  have  affjgned  the  peculiar  title  of  the  Phlo- 
gifton , which  is  indeed  no  other  than  a Greek  word 
for  the  Inflammable  Matter;  by  which  latter  name, 
as  well  as  by  that  of  the  Sulphureous  Principle,  iris 
alfo  fometimes  called.  It  differs  from  elementary 
Fire  in  the  following  particulars.  1.  When  united 
to  a body,  it  communicates  to  it  neither  heat  nor 
light.  2.  It  produces  no  change  in  its  ftate,  whe- 
ther of  folidity  or  fluidity;  fo  that  a folid  body  does 
not  become  fluid  by  the  acceflion  of  thePhlogifton, 
and  vicevcfa ; the  folid  bodies  to  which  it  is  joined 
beingonly  rendered  thereby  more  apt  to  be  fu  fed  by 
the  force  of  the  culinary  Fire.  3.  We  can  convey  it 
from  the  body, with  which  it  is  joined,  into  another 
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body,  fo  that  it  jfhall  enter  into  the  compofition 
thereof,  and  remain  fixed  in  it. 

On  this  occafion  both  thefe  bodies,  that  which  is 
deprived  of  the  Phiogifton  and  that  which  receives 
it,  undergo  very  confiderable  alterations;  and  it  is 
this  lad  circumftance,in  particular, that  obliges  us 
to  diftinguifh  the  Phiogifton  from  pure  Fire,  and 
to  confider  it  as  the  element  of  Fire  combined  with 
fome  other  fubftance,  which  ferves  it  as  a bafts  for 
conftituting  a kind  of  fecondary  principle.  For  if 
there  were  no  difference  between  them,  we  fhould 
be  able  to  introduce  and  fix  pure  Fire  itfelf,  when- 
ever we  can  introduce  and  fix  the  Phiogifton:  yet 
this  is  what  we  can  by  no  means  do,  as  will  appear 
from  experiments  to  be  afterwards  produced. 

Hitherto  Chymifts  have  never  been  able  to  ob- 
tain the  Phiogifton  quite  pure,  and  free  from  every 
other  fubftance:  for  there  are  but  two  ways  of  fe- 
parating  it  from  a body  of  which  if  makes  a part; 
to  wit,  either  by  applying  l'ome  other  body  with 
which  it  may  unite  the  moment  it  quits  the  for- 
mer ; or  elfe  by  calcining  and  burning  the  com- 
pound from  which  you  defire  to  fever  it.  In  the 
former  cafe  it  is  evident  that  we  do  not  get  the 
Phiogifton  by  itfelf,  becaufe  it  only  paffes  from 
one  combination  into  another;  and  in  the  latter, 
it  is  entirely  diflipated  in  the  decompofition,  fo 
that  no  part  of  it  can  pofftbly  be  fecured. 

The  inflammability  of  a body  is  an  infallible 
fign  that  it  contains  a Phiogifton;  but  from  a 
body’s  not  being  inflammable,  it  cannot  be  infer-- 
red  that  it  contains  none:  for  experiments  have 
demonftrated  that  certain  metals  abound  with  it, 
which  yet  are  by  no  means  inflammable. 

We  have  now  delivered  what  is  moft  neceftary  tq 
be  known  concerning  the  principles  of  bodies  in 
general.  They  have  many  other  qualities  befides 
thofe  above-mentioned  , but  we  cannot  properly 

take 
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take  notice  of  them  here,  becaufe  they  prefuppofe 
an  acquaintance  with  fome  other  things  relating  to 
bodies,  of  which  we  have  hitherto  faid  nothing;  in- 
tending to  treat  of  them  in  the  fequel  as  occafion 
fli all  offer.  We  fhall  only  obferve  in  this  place, 
that  when  animal  and  vegetable  matters  are  burnt, 
in  fuch  a manner  as  to  hinder  them  from  flaming, 
fome  part  of  the  Phlogifton  contained  in  them 
unites  intimately  with  their  moft  fixed  earthy  parts, 
and  with  them  forms  a compound,  that  can  be  con- 
fumed  only  by  making  it  red-hot  in  the  open  air, 
where  it  fparkles  and  waftes  away, without  emitting 
any  flame,  ( his  compound  is  called  a Coal.  We 
fhall  enquire  into  the  properties  of  this  Coal  under 
the  head  of  Oils:  at  prefent  it  fuffices  that  we  know 
in  general  what  it  is,  and  that  it  readily  communi- 
cates to  other  bodies  the  Phlogiflon  it  contains. 


CHAP.  II. 

A general  View  of  the  Relations  or  Affinities 

between  Bodies. 

BEFORE  we  can  reduce  compound  Bodies 
to  the  firft  principles  above  pointed  out,  we 
obtain,  by  analyfing  them, certain  fubftances  which 
are  indeed  more  fimple  than  the  bodies  they  helped 
to  compofe,  ■ yet  are  themfelves  compofed  of  our 
primary  principles.  They  are  therefore  at  one  and 
the  fame  time  both  principles  and  compounds;  for 
which  reafon  we  (half,  as  was  before  faid,  call  them 
by  the  name  of  Secondary  Principles.  Saline  and 
oily  matters  chiefly  conflitute  this  clafs.  But  before 
we  enter  upon  an  examination  of  their  properties, 
it  is  fit  we  lay  before  the  Reader  a general  view  of 
what  Chy  miffs  underffand  by  the  Relations  of 
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Affinities  of  Bodies ; becaufe  it  is  neceffary  to 
know  thefe,  in  order  to  make  a diftindt  conception 
of  the  different  combinations  we  are  to  treat  of. 

All  the  experiments  hitherto  made  concur  with 
daily  obfervation  to  prove  that  different  bodies, 
whether  principles  or  compounds,  have  fuch  a mu- 
tual Conformity,  Relation,  Affinity,  or  Attraction, 
if  you  will  call  it  fo,  as  difpofes  fome  of  them  to 
join  and  unite  together,  while  they  are  incapable 
of  contradting  any  union  with  others.  This  effedt, 
whatever  be  its  caufe,  will  enable  us  to  account 
for,  and  conned!  together,  all  the  phenomena  that 
Chymiftry  produces.  The  nature  of  this  univerfal 
affedtion  of  matter  is  diftindtly  laid  down  in  the 
following  propofitions. 

Firft,  If  one  fubftance  hath  any  Affinity  or 
conformity  with  another,  the  two  will  unite  to- 
gether, and  form  one  compound. 

Secondly,  It  may  be  laid  down  as  a general  rule, 
that  all  fimilar  fubftances  have  an  Affinity  with 
each  other,  and  are  confequently  difpofed  to  unite  $ 
as  water  with  water,  earth  with  earth,  &c. 

Thirdly,  Subftances  that  unite  together  lofe fome 
of  their  feparate  properties;  and  the  compounds  re- 
fulting  from  their  union  partake  of  the  properties 
of  thofe  fubftances  which  lerve  as  their  principles. 

Fourthly,  The  fimpler  any  fubftances  are,  the 
more  perceptible  and  confiderable  are  their  Affi- 
nities: whence  it  follows,  that  the  lefs  bodies  are 
compounded,  the  more  difficult  it  is  to  analyfe 
them ; that  is,  to  feparate  from  each  other  the 
principles  of  which  they  confift. 

Fifthly,  If  a body  confift  of  two  fubftances,  and 
to  this  compound  be  prefented  a third  fubftance 
that  has  no  Affinity  at  all  with  one  of  the  two  pri- 
mary fubftances  afprefaid,but  has  a greater  Affinity 
with  the  other  than  thofe  two  fubftances  have  with 
each  other,  there  willenlue  a decompofition,  and  a 

new 
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new  union;  that  is,  the  third  fubftance  will  feparate 
the  two  compounding  fubftances  from  each  other, 
coalefce  with  that  which  has  an  Affinity  with  it5form 
therewith  a new  combination,  and  difengage  the 
other,  which  will  then  be  lefc  at  liberty,  and  fuch 
as  it  was. before  it  had  contracted  any  union. 

Sixthly,  It  happens  fometimes  that  when  a third 
fubftance  is  prefented  to  a body  confiding  of  two 
fubftances,  no  decompofition  follows;  but  the  two 
compounding  fubftances,  without  quitting  each 
other,  unite  with  the  fubftance  prefented  to  them, 
and  form  a combination  of  three  principles:  and 
this  comes  to  pafs  when  that  third  fubftance  has  an 
equal,  or  nearly  equal,  Affinity  witheach  of  thecom- 
pounding  fubftances.  The  fame  thing  may  alfo 
happen  even  when  the  third  fubftance  hath.no  Af- 
finity but  with  one  of  the  compounding  fubftances 
only.  To  produce  fuch  an  effect,  it  is  fufficient  that 
one  of  the  two  compounding  fubftances  have  to  the 
third  body  a Relation  equal,  or  nearly  equal,  to  that 
which  it  has  to  the  other  compounding  fubftance 
with  which  it  is  already  combined.  Thence  it  fol- 
lows, that  two  fubftances,  which,  when  apart  from 
all  others,  are  incapable  of  contracting  any  union, 
may  be  rendered  capable  of  incorporating  together 
in  fome  meafure,  and  becoming  parts  of  the  fame 
compound,  by  combining  with  a third  fubftance 
with  which  each  of  them  has  an  equal  Affinity. 

Seventhly,  A body,  which  of  itfelf  cannot  de- 
compofe  a compound  confiding  of  two  fubftances, 
becaufe,  as  we  juft  now  faid,  th^y  have  a greater 
Affinity  with  each  other  than  it  has  with  either  of 
the  m,  becomes  neverthelefs  capable  of  feparating 
the  two  by  uniting  with  one  of  them,  when  it  is 
itfelf  combined  with  another  body,  having  a de- 
gree of  Affinity  with  that  one,  fufficient  to  com- 
penfate  its  own  want  thereof.  In  that  cafe  there  are 
two  Affinities,  and  thence  enfues  a double  decom- 
pofition  and  a double  combination,  Thefe 
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Thefe  fundamental  truths,  from  which  we  fhall 
deduce  an  explanation  of  all  the  phenomena  in 
Chymiftry,  will  be  confirmed  and  illuftrated  by 
applying  them,  as  we  fhall  do,  to  the  feveral  cafes, 
of  which  our  defign  in  this  Treatife  obliges  us  to 
give  a circumftantial  account*  ' 


CHAP.  Ill* 

Of  Saline  Subjiances  in  general . 

IF  a particle  of  water  be  intimately  united  with 
a particle  of  earth,  the  refult  will  be  a new  com- 
pound, which,  according  to  our  third  propofition 
of  Affinities,  will  partake  of  the  properties  of  earth 
and  of  water;  and  this  combination  principally 
forms  what  is  called  a Saline  Subfiance.  Confe- 
quently  every  faline  Subftance  mult  have  an  affi- 
nity with  earth  and  with  water,  and  be  capable  of 
uniting  with  both  or  either  of  them,  whether  they 
be  feparate  or  mixed  together:  and  accordingly 
this  property  charadterifes  all  Salts,  or  Saline  Sub- 
ftances,  in  general. 

Water  being  volatile  and  Earth  fixed, Salts  in  ge- 
neral are  lefs  volatile  than  the  former,  and  lefs  fixed 
than  the  latter;  that  is,  fire,  which  cannot  volatilize 
and  carry  off  pure  earth,  is  capable  of  rarefying 
and  volatilizing  a Saline  Subftance;  but  then  this 
requires  a greater  degree  of  heat  than  is  neceffary 
for  producing  the  fame  effedts  on  pure  water. 

There  are  feveral  forts  of  Salts,  differing  from 
one  another,  in  refpedt  either  of  the  quantity,  or 
the  quality  oft  the  earth  in  their  compofition  ; or 
laftly,  they  differ  on  account  of  fome  additional 
principles,  which  not  being  combined  with  them 
in  fufficient  quantity  to  hinder  their  Saline  proper- 
ties 
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ties  from  appearing,  permit  them  to  retain  the 
name  of  Salts,  though  they  render  them  very  dif- 
ferent from  the  fimpleft  Saline  Subftances. 

It  is  eafy  to  Infer,  from  what  has  been  faid  of  Salts 
in  general,  that  fome  of  them  muft  be  more,  fome 
lefs,  fixed  or  volatile  than  others,  and  fome  more, 
fome  lefs,  difpofed  to  unite  with  water,  with  earth, 
or  with  particular  forts  of  earth,  according  to  the 
nature  or  the  proportion  of  their  principles. 

Before  we  proceed  further,  it  is  proper  jufr  to 
mention  the  principal  reafons,  which  induce  us  to 
think  that  every  Saline  Subftance  is  actually  a com- 
bination of  earth  and  water,  as  we  fuppofedat  our 
entering  on  this  fubjedt.  The  firft  is,  the  conformity 
Salts  have  with  earth  and  water,  or  the  properties 
they  poftefs  in  common  with  both.  Of  thefe  pro- 
perties we  fhall  treat  fully,  as  occafion  offers  to  con- 
fider  them,  in  examining  the  feveral  forts  of  Salts. 
The  fecond  is,  that  all  Salts  may  be  adtually  re- 
folved  into  earth  and  water  by  fundry  procelfes  ; 
particularly  by  repeated  diffolution  in  water,  eva- 
poration, defecation,  and  calcination.  Indeed  the 
Cnymifts  have  not  yet  been  able  to  procure  a Saline 
Subftance,  by  combining  earth  and  water  together. 
This  favours  a fufpicion,  that,  beftdes  thefe  two, 
there  is  lome  other  principle  in  the  compofition  of 
Salts,  which  efcapes  our  refcarches,  becaufe  we 
cannot  preferve  it  when  v/e  decompofe  them : but 
it  is  fufficient  to  our  purpofe,  that  water  and  earth 
are  demonftrably  amongft  the  real  principles  qf 
Saline  Subftances,  and  that  no  experiment  hath 
ever  fhewn  us  any  other. 

§.  I.  Of  Acids. 

Of  all  Saline  Subftances,  the  fimpleft  is  that  called 
an  Acid,  on  account  of  its  tafte;  which  is  like  that  of 
verjuice,  forrel,  vinegar,  and  other  four  things,  which 
for  the  fame  reafon  are  alfo  called  Acids.  By  this 
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peculiar  tafte  are  Acids  chiefly  known.  They  have 
moreover  the  property  of  turning  all  the  blue  and 
violet  colours  of  vegetables  red,  which  diftin- 
guifhes  them  from  all  other  falts. 

The  form,  under  which  Acids  mold  comnrionly 
appear,  is  that  of  a tranfparent  liquor;  though 
folidity  is  rather  their  natural  flate.  This  is  owing 
to  their  affinity  with  water;  which  is  fo  great  that, 
when  they  contain  but  juft  as  much  of  it  as  is  ne- 
ceffary  to  conftitute  them  Salts,  and  confequently 
have  a folid  form,  they  rapidly  unite  therewith  the 
moment  they  come  into  contact  with  it:  and  as  the 
air  is  always  loaded  with  moifture  and  aqueous  va- 
pours, its  contadf  alone  is  fufficient  to  liquify  them; 
becaufe  they  unite  with  its  humidity,  imbibe  it 
greedily,  and  by  that  means  become  fluid.  We 
therefore  lay,  they  attradt  the  moifture  of  the  air. 
This  change  of  a fait  from  a folid  to  a fluid  ftate, 
by  the  folecontadtof  the  air,  is  alfo called  Deliquium-, 
fo  that  when  a fait  changes  in  this  manner  from  a 
folid  into  a fluid  form,  it  is  faid  to  run  per  deliquium. 
Acids  being  the  fimpleft  fpecies  of  Saline  bodies, 
their  affinities  with  different  fubftances  are  ftronger 
than  thofe  of  any  other  fort  of  fait  with  the  fame 
fubftances;  which  is  agreeable  to  our  fourth  pro- 
position concerning  Affinities. 

Acids  in  general  have  a great  affinity  with  earths : 
that  with  which  they  moft  readily  unite  is  the  un- 
vitrifiable  earth  to  which  we  gave  the  name  of 
abforbent  earth.  They  feem  not  to  adt  at  all  upon 
vitrifiable  earths,  fuch  as  fand;  nor  yet  upon  fome 
other  kinds  of  earths,  at  leaft  while  they  are  in  their 
natural  ftate.  Yet  the  nature  of  thefe  earths  may 
be  in  fome  meafure  changed,  by  making  them  red 
hot  in  the  fire,  and  then  quenching  them  Suddenly 
in  cold  water:  for  by  repeating  this  often  they  are 
brought  nearer  to  the  nature  of  abforbent  earths, 
and  rendered  capable  of  uniting  with  Acids. 

When 
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When  an  acid  liquor  is  mixed  with  an  abforbent 
earth,  for  inftance  with  chalk,  thefe  two  fubftances 
inftantly  rufti  into  union,  with  fo  much  impetuo- 
fity,  efpecially  if  the  acid  liquor  be  as  much  de- 
phlegmated,  or  contain  as  little  water,  as  may  be, 
that  a great  ebullition  is  immediately  produced, at- 
tended with  confiderable  biffing,  heat,  and  vapours, 
which  rife  the  very  inftant  of  their  conjunction. 

From  the  combination  of  an  Acid  with  an  ab- 
forbent earth  there  arifes  a new  compound,  which 
fome  Chymifts  have  called  Sal  Salfum ; becaufe  the 
Acid  by  uniting  with  the  earth  lofes  its  four  tafte, 
and  acquires  another  not  unlike  that  of  the  com- 
mon fea-falt  ufed  in  our  kitchens;  yet  varying  ac- 
cording to  the  different  forts  of  Acids  and  earths 
combined  together.  The  Acid  at  the  fame  time 
lofes  its  property  of  turning  vegetable  blues  and 
violet  colours  red. 

If  we  enquire  what  is  become  of  its  propenfity  to 
unite  with  water, we  fhall  find  that  the  earth,  which 
of  itfelf  is  not  foluble  in  water,  hath  by  its  union 
with  the  Acid  acquired  a facility  of  diflolving  there- 
in; fo  that  our  Sal  Salfum  is  foluble  in  water.  But, 
on  the  other  hand,  the  Acid  hath,  by  its  union  with 
the  earth,  loft  part  of  the  affinity  it  had  with  water ; 
fo  that  if  a Sal  Salfum  be  dried  and  freed  of  all  fu- 
perfluous  humidity,  it  will  remain  in  that  dry  folid 
form,  inftead  of  attracting  the  moifture  of  the  air, 
and  running  per  deliquium , as  the  Acid  would  do 
if  it  were  pure  and  unmixed  with  earth.  However, 
this  general  rule  admits  of  fome  exceptions ; and 
we  fhall  have  occafion  in  another  place  to  take  no- 
tice of  certain  Combinations  of  Acids  with  earths, 
which  ftill  continue  to  attract  the  moifture  of  the 
air,  though  not  fo  ftrongly  as  a pure  Acid. 

Acids  have  likewife  a great  .affinity  with  the 
Phlogifton.  When  we  come  to  treat  of  each  Acid 
in  particular,  we  fhall  examine  the  combinations  of 
V01.  I.  C each 
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each  with  the  Phlogifton : they  differ  fo  widely 
from  one  another,  and  many  of  them  are  fo  little 
known,  that  we  cannot  at  prefent  give  any  general 
idea  of  them. 

§;  II.  Of  Alkalis. 

< Alk  alis  are  Saline  combinations  in  which  there 
Is  a greater  proportion  of  earth  than  in  Acids.  The 
•principal  arguments  that  may  be  adduced  to  prove 
this  fad  are  thefe:  Fir  ft  3 if  they  be  treated  in  the 
manner  propofed  above  for  analyzing  Saline  Sub- 
ftances*  we  obtain  from  them  a much  greater 
quantity  of  earth  than  we  do  from  Acids.  Se- 
condly ; by  combining  certain  Acids  with  certain 
earths  we  can  produce  Alkalis;  or  at  leaft  fuch 
faline  compounds  as  greatly  refemble  them.  Our 
third  and  laft  argument  is  drawn  from  the  pro- 
perties of  thofe  Alkalis  which,  when  pure  and  un- 
adulterated with  any  other  principle,  have  lefs  affi- 
nity with  waper  than  Acids  have,  and  are  alfo  more 
fixed,  refilling  the  utmoft  force  of  fire.  On  this 
account  it  is  that  they  have  obtained  the  title  of 
Fixed,  as  well  as  to  diftinguifh  them  from  another 
fpecies  of  Alkali,  to  be  confidered  hereafter,  which 
is  impure  and  volatile. 

Though  fixed  Alkalis,  when  dry,  fuftain  the  ut- 
moft: violence  of  fire  without  flying  off  in  vapours, 
it  is  remarkable  that,  being  boiled  with  water  in 
an  open  veffel,  confiderable  quantities  of  them 
rife  with  the  fleam  : an  effedt  which  miift  be  attri- 
buted to  the  great  affinity  between  thefe  two  fub- 
flances,  by  means  whereof  water  communicates 
Tome  part  of  its  volatility  to  the  fixed  fait. 

Alkalis  freed  of  their  fuperfluous  humidity  by 
calcination  attract  the  moifture  of  the  air,  but  not 
lb  ftrongly  as  Acids : fo  that  it  is  eafier  to  pro- 
cure and  prefer ve  them  in  a folid  form. 


They 
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They  flow  in  the  fire,  and  are  then  capable  of 
uniting  with  vitrifiable  earths,  and  of  forming 
therewith  true  glafs,  which,  however,  will  partake 
of  their  properties,  if  they  be  ufed  in  lufficie.nt 
quantity. 

As  they  melt  more  readily  than  vitrifiable  earth, 
they  facilitate  its  fufion ; fo  that  a weaker  fire  will 
reduce  it  to  glafs,  when  a fixed  Alkali  is  joined 
with  it,  than  will  melt  it  without  that  addition.' 

Alkalis  are  known  by  their  tafte,  which  is  acrid 
and  fiery  ;.  and  by  the  properties  they  polfefs  of 
turning  certain  vegetable  blues  and  violet  colours 
green;  particularly  fyrup  of  violets. 

Their  affinity  with  Acids  is  greater  than  that  of 
abforbent  earths ; and  hence  it  comes  to  pafs  that 
if  an  Alkali  be  prefented  to  a combination  of  an 
Acid  with  an  abforbent  earth,  the  earth  will  be 
feparated  from  the  Acid  by  the  Alkali,  and  a new 
union  between  the  Acid  and  the  Alkali  will  take 
place.  This  is  both  an  inftance  and  a proof  of  our 
fifth  propofitio'n  concerning  Affinities. 

If  a pure  Alkali  be  prefented  to  a pure  Acid, 
they  rufh  together  with  violence,  and  produce  the 
fame  phenomena  as  were  obferved  in  the  union  of 
an  abforbent  earth  with  an  Acid;  but  in  a greater 
and  more  remarkable  degree. 

Fixed  Alkalis  may  in  general  be  divided  into  two 
forts:  one  of  thefe  hath  all  the  above  recited  pro- 
perties; but  the  other  pofrelfes  fome  that  are  pe- 
culiar to  itfelf.  We  fhall  confider  this  latter  fort 
more  particularly  under  the  head  of  Sea-Salt. 

§.  III.  0/ Neutral  Salts. 

The  Acid  and  the  Alkali  thus  uniting  mutually 
rob  each  other  of  their  charafleriftic  properties ; 
fo  that  the  compound  reflating  from  their  union 
produces  no  change  in  the  blue  colours  of  vege- 
tables, and  has  a tafte  which  is  neither  four  nor 
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acrid,  but  faltilh.  A faline  combination  of  this 
kind  is  for  that  reafon  named  Sal  Salfum , Sal  Me- 
dium, or  a Neutral  Salt.  Such  combinations  are 
called  by  the  plain  general  name  of  Salts. 

It  muft  be  obferved  that,  in  order  to  make  thefe, 
Salts  perfectly  Neutral,  it  is  neceffary  that  neither 
of  the  two  faline  principles  of  which  they  are  com- 
pounded be  predominant  over  the  othef;  for  in  that 
cafe  they  will  have  the  properties  of  the  prevailing 
principle.  The  reafon  is  this:  neither  of  thefe  fa- 
line fubftances  canunite  with  the  other  but  in  a li- 
mited proportion,  beyond  which  there  can  be  no 
further  coalition  between  them.  The  a£tion  by 
which  this  perfed  union  is  accomplifhed  is  termed 
Saturation ; and  theinftant  when  fuch  proportions  of 
the  two  faline  fubftances  are  mixed  together,  that 
the  one  is  incorporated  with  as  much  of  the  other 
as  it  can  poffibly  take  up,  is  called  the  Point  of 
Saturation.  All  this  is  equally  applicable  to  the 
combination  of  an  Acid  with  an  abforbent  earth. 

The  combination  is  known  to  be  perfect,  that 
, is,  the  Point  of  Saturation  is  known  to  be  ob- 
tained, when  after  repeated  affufions  of  an  Acid  in 
fmall  quantities  to  an  Alkali,  or  an  abforbent 
earth,  we  find  thole  phenomena  ceale,  which  in 
fuch  cafes  conftantly  attend  the  conflict  of  union, 
as  we  laid  above,  namely,  ebullition,  hiding,  &c. 
and  we  may  be  allured  the  Saturation  is  complete 
when  the  new  compound  hath  neither  an  acid  nor 
an  acrid  talle,  nor  in  the  leaf!:  changes  the  blue 
colours  of  vegetables. 

Neutral  Salts  have  not  fo  great  an  affinity  with 
water  as  either  Acids  or  Alkalis  havej  becaufe  they 
are  more  compounded  : for  we  obferved  before, 
that  the  affinities  of  the  moft  compounded  bodies 
are  generally  weaker  than  thofe  of  the  moft  fimple. 
In  conlequence  hereof  few  Neutral  Salts,  when 
dried,  attract  the  moifture  of  the  air  i and  thofe 
6 that 
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that  do,  attract  it  more  flowly,  and  in  lefs  quan- 
tity, than  either  Acids  or  Alkalis  do. 

All  Neutral  Salts  are  l'oluble  in  water ; but 
more  or  lefs  readily,  and  in  a greater  or  fmaller 
quantity,  according  to  the  nature  of  their  compo- 
nent principles. 

Water  made  boiling  hot  diffolves  a greater  quan- 
tity of  thofe  falts  which  do  not  attract  the  moifture 
of  the  air,  than  when  it  is  cold ; and  indeed  it  muft 
be  boiling  hot  to  take  up  as  much  of  them  as  it  is 
capable  of  diffolving:  but  as  for  thofe  which  run 
in  the  air,  the  difference,  if  there  be  any,  is  im- 
perceptible. 

Some  Neutral  Salts  have  the  property  of  fhoot- 
ing  into  Cryftals,  and  others  have  it  not. 

The  nature  of  Cryftallization  is  this:  Water  can- 
not diffolve,  nor  keep  in  folution,  more  than  a de- 
terminate quantity  of  any  particular  Salt : when 
thereforefuch  a quantity  of  water  is  evaporated  from 
the  folution  of  a.Salt  capable  of  cryftallization,  that 
the  remainder  contains  juft  as  much  Salt  as  it  can 
diffolve,  then  by  continuingthe  evaporation  the  Salt 
gradually  recovers  itsfolid  form,  and  concretes  into 
feveral  little  tranfparent  maffes  called  Cryftals. 
Thefe  cryftals  have  regular  figures,  all  differing 
from  one  another  according  to  the  fpecies  of  Salt  of 
which  they  are  formed.  Different  methods  of  eva- 
porating falinefolutions  have  different  effedts  on  the 
figure  and  regularity  of  the  cryftals  ; and  each  par- 
ticular fort  of  Salt  requires  a peculiar  method  of  eva- 
poration to  make  its  cryftals  perfectly  regular. 

A folution  of  Salt  defigned  for  cryftallization  is 
ufually  evaporated  by  means  of  fire  to  a pellicle; 
that  is,  till  the  Salt  begin  to  concrete;  which  is 
perceived  by  a kind  of  thin  dark  ficin  that  gathers 
on  the  furface  of  the  liquor,  and  is  formed  of  the 
cryftallized  particles  of  Salt.  When  this'  pellicle 
appears  the  fdlution  is  buffered  to  cool,  and  the  cry- 
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ftals  form  therein  fafter  or  flower  according  to  the 
fort  of  Salt  in  hand.  If  the  evaporation  be  car- 
ried on  brifkly  to  perfedt  drynefs,  no  cryftalswill 
be  formed,  and  only  an  irregular  mafs  of  Salt  will 
be  obtained. 

The  realons  why  no  crvftals  appear  when  the 
evaporation  is  haftily  performed,  and  carried  on  to 
drynefs,  are,  firft,  that  the  particles  of  Salt,  being 
always  in  motion  while  the  folution  is  hot,  have 
not  time  to  exert  their  mutual  affinities,  and  to 
unite  together  as cryftallization  requires:  fecondly, 
that  a certain  quantity  of  water  enters  into  the  very 
compofition  of  cryftals  ; which  is  therefore  abfo- 
lutely  neceffiary  to  their  formation,  and  in  a greater 
or  fmaller  proportion  according  to  the  nature  of 
the  Salt*. 

If  thefe  cryftallized  Salts  be  expofed  to  the  fire, 
they  firft  part  with  that  mo i ft u re  which  is  notne- 
ceflary  to  a faline  concretion,  and  which  they  re- 
tained only  by  means  of  their  cryftallization  : af- 
terwards they  begin  to  flow,  but  with  different 
degrees  of  fufibility. 

It  muft  be  obferved  that  certain  Salts  melt  as 
foon  as  they  are  expofed  to  the  fire;  namely,  thofe 
which  retain  a great  deal  of  water  in  cryft arizing. 
But  this  flu  or  which  they  fo  readily  acquire  muft  be 
carefully  diftinguifhed  from  a filial  fufion:  for  it  is 
owing  only  to  their  fuperfluous  humidity,  which 
heat  renders  capable  of  diftolving  and  liquifying 
them ; fo  that  when  it  is  evaporated  the  Salt  ceafes 
to  be  fluid,  and  requires  a much  greater  degree  of 
fire  to  bring  it  into  real  fufion. 

The  Neutral  Salts  that  do  not  crvftallize  may, 

j j * 

indeed,  be  dried  by  evaporating  the  water  which 

* Thofe  who  have  the  curiofity  to  fee  a mo  re 'particular 
account  of  the-  Cryftallization  of  Neutral  Salts,  may  read 
Mr.  Rouelle' s excellent  Memoir  ort  that  Subject,  among  thofe 
of  the  Academy  of  Sciences  for  1744.. 
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keeps  them  fluid ; but  by  becoming  folid  they  ac- 
quire no  regular  form ; they  again  attract  the 
moifture  of  the  air,  and  are  thereby  melted  into  a 
liquor.  Thefe  may  be  called  Li quef cent  Salts. 

Mod  of  the  Neutral  Salts,  that  confift  of  an  Acid, 
joined  with  a fixed  Alkali,  or  with  an  abforbent 
earth,  are  themfelves  fixed,  and  refill  the  force  of 
fire ; yet  feveral  of  them,  if  they  be  diflblved  in 
water,  and  the  folution  boiled  and  evaporated,  fly 
off  along  with  the  fleams. 


Of  the  feveral  Sorts  of  Saline  Subflances . 

§.  1.  Of  the  Universal  Acid. 

HE  Univerfal  Acid  is  fo  called,  becaufeitis 


in  fact  the  Acid  which  is  moft  univerfally 


diflfufed  through  all  nature,  in  waters,  in  the  at- 
mofphere,  and  in  the  bowels  of  the  earth.  But  it 
is  feldom  pure]  being  almoft  always  combined 
with  fome  other  fubftance.  That  from  which  we  ob- 
tain it  with  moft  eafe  and  in  the  greateft  quantity 
is  Vitriol,  a mineral  which  we  lhall  confider  after- 
wards: and  this  is  the  reafon  why  it  is  called  the  Vi-> 
triolic  Acid ; the  name  by  which  it  is  bell  known. 

When  the  Vitriolic  Acid  contains  but  little 
phlegm,  yet  enough  to  give  it  a fluid  form,  it  is 
called  Oil  of  Vitriol ; on  account  of  a certain  unc? 
tuofity  belonging  to  it.  In  truth  this  name  is  very 
improperly  bellowed  on  it;  for  we  lhall  afterwards 
lee  that,  bating  this  unfluoufnefs,  it  has  none  of 
the  properties  of  oils.  But  this  is  not  the  only  im-r 
propriety  in  names  that  we  fhall  have  occafion  tq 
cenfure.  . 
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If  the  Vitriolic  Acid'  contain  much  water  it  is 
then  called  Spirit  of  Vitriol.  When  it  does  not 
contain  enough  to  render  it  fluid,  and  fo  is  in  a 
folid  form,  it  is  named  the  Icy  Oil  of  Vitriol . 

When  Oil  of  Vitriol  highly  concentrated  is 
mixed  with  water,  they  rufli  into  union  with  fuch 
impetuofity  that,  the  moment  they  touch  each 
other,  there  arifes  a hilling  noife,  like  that  of  red- 
hot  iron  plunged  in  cold  water,  together  with  a 
very  confiderable  degree  of  heat,  proportioned  to 
the  degree  to  which  the  Acid  was  concentrated. 

If  inftead  of  mixing  this  concentrated  Acid 
with  water,  you  only  leave  it  expofed  to  the  air 
for  fome  time,  it  attracts  the  moifture  thereof, 
and  imbibes  it  moil  greedily.  Both  its  bulk  and 
its  weight  are  increased  by  this  acceflion ; and  if 
it  be  under  an  icy  form,  that  is,  if  it  be  con- 
creted, the  phlegm  thus  acquired  will  foon  refolve 
it  into  a fluid. 

The  addition  of  water  renders  the  Vitriolic 
Acid,  and  indeed  all  other  Acids,  weaker  in  one 
fenfe ; which  is,  that  when  they  are  very  aqueous 
they  leave  on  the  tongue  a much  fainter  tafte  of 
acidity,  and  are  lefs  adtive  in  the  folution  of  fome 
particular  bodies  : but  that  occafions  no  change 
in  the  flrength  of  their  affinities,  but  in  fome  cafes 
rather  enables  them  to  difl'olve  feveral  fubftances, 
which,  when  well  dephlegmated,  they  are  not  ca- 
pable of  attacking. 

The  Vitriolic  Acid  combined  to  the  point  of  fa- 
turation  with  a particular  abforbent  earth,  the  na- 
ture of  which  is  not  yet  well  known,  forms  a Neu- 
tral Salt  that  cryftallizes.  This  Salt  is  called 
Alum , and  the  figure  of  its  cryftals  is  that  of  an 
odtahedron,  or  folid  of  eight  fides.  Thefe  odtahe- 
dra  are  triangular  pyramids,  the  angles  of  which 
are  fo  cut  off  that  four  of  the  furfaces  are  hexa-> 
gohs,  and  the  other  four  triangles. 


There 
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There  are  feveral  forts  of  Alum,  which  differ  ac- 
cording to  the  earths  combined  with  the  Vitriolic 
Acid.  Alum  diffolves  eafily  in  water,  and  in  cry- 
ftallization  retains  a confiderable  quantity  of  it; 
which  is  the  reafon  that  being  expofed  to  the  tire  it 
readily  melts,  fwelling  and  puffing  up  as  its  fuper- 
fluous  moifture  exhales.  When  that  is  quite  evapo- 
rated, the  remainder  is  called  Burnt  Alum , and  is 
very  difficult  to  fufe.  The  Acid  of  the  Alum  is 
partly  diffipated  by  this  calcination.  Its  tafte  is 
faltiffi,  with  a degree  of  roughnefs  and  aftringency. 

TheVitriolic  Acid  combined  with  certain  earths 
forms  a kind  of  Neutral  Salt  called  Selenites , which 
crvftallizes  in  different  forms  according  to  the  na- 
ture  of  its  earth.  There  are  numberlefs  fprings  of 
water  infected  with  diffolved  Selenites;  but  when 
this  Salt  is  once  cryftallized,  it  is  exceeding  difficult 
to  diffolve  it  in  water  a fecond  time.  For  that  pur- 
pofe  a very  great  quantity  of  water  is  neceffary, 
and  moreover  it  muff  boil;  for  as  it  cools  moft  of 
the  diffolved  Selenites  takes  a folid  form,  and  falls 
in  a powder  to  the  bottom  of  the  veffel. 

If  an  Alkali  be  prefen  ted  to  the  Selenites,  or  to 
Alum,  thefe  Salts,  according  to  the  principles  we 
have  laid  down,  will  be  thereby  decompofed ; that 
is,  the  Acid  will  quit  the  earths,  and  join  the  Alkali, 
with  which  it  hath  a greater  affinity.  And  from 
this  conjunftion  of  the  Vitriolic  Acid  with  a fixed 
Alkali  there  refults  another  fort  of  Neutral  Salt, 
which  is  called  Arcanum  duplication,  Sal  de  duobus , 
and  Vitriolated  Tartar,  becaufe  one  of  the  fixed 
Alkalis  molt  in  ufe  is  called  Salt  of  Tartar. 

Vitriolated  Tartar  is  ahmoft  as  hard  to  diffolve 
in  water  as  the  Selenites.  It  (ho.ots  into  eight- 
fided  cryftals,  having  the  apices  of  the  pyramids 
pretty  obtufe.  Its  tafte  is  faltifh,  inclining  to  bit- 
ter; and  it  decrepitates  on  burning  coals.  It  re- 
quires a very  great  degree  of  fire  to  make  it  flow. 

The 
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7 he  Vitriolic  Acid  is  capable  of  uniting  with  the 
Phlogifton,  or  father  it  has  a. greater  affinity  with 
it  than  with  any  other  body  : whence  it  follows 
that  all  compounds,  of  which  it  makes  a part,  may 
be  decompofed  by  means  of  the  Phlogifton. 

From  the  conjun&ion  of  the  Vitriolic  Acid  with 
the  Phlogifton  arifes  a compound  called  Mineral 
Sulphur , becaufe  it  is  found  perfectly  formed  in 
the  bowels  of  the  earth.  It  is  alfo  called  Sulphur 
vivum , or  fimply,  Sulphur. 

Sulphur  is  abfolutely  inlbluble  in  water,  and  in- 
capable of  contrafting  any  fort  of  union  with  it. 
It  melts  with  a very  moderate  degree  of  heat,  and 
fublimes  in  fine  light  downy  tufts  called  Flowers 
of  Sulphur.  By  being  thus  fublimed  it  fuffers  no 
decompofition,  let  the  operation  be  repeated  ever 
fo  often;  fo  that  Sublimed  Sulphur,  or  Flower  of 
Sulphur,  hath  exactly  the  fame  properties  as  Sul- 
phur that  has  never  been  fublimed. 

If  Sulphur  be  expofed  to  a brifk  heat  in  the 
open  air,  it  takes  fire,  burns,  and  is  wholly  con- 
fumed.  The  deflagration  of  Sulphur  is  the  only 
means  we  have  of  decompofingit,  in  order  to  obtain 
its  Acid  in  purity.  The  Phlogifton  is  deftroyed  by 
the  flame,  and  the  Acid  exhales  in  vapours : theie 
vapours  collected  ha\e  all  the  properties  of  the  Vi- 
triolic Acid,  and  differ  from  it  only  as  they  ftill  re- 
tain fame  portion  of  the  Phlogifton;  which,  how- 
ever, foon  quits  them  of  its  own  accord,  if  the  free 
accefs  of  the  common  air  be  not  precluded. 

The  portion  of  Phlogifton  retained  by  the  Acid 
of  Sulphur  is  much  more  confiderable  when  that 
mineral  is  burnt  gradually  and  flowlv : in  that  cafe 
the  vapours  which  rife  from  it  havefuch  a penetrat- 
ing odour,  that  they  inftantaneoufly  iuftbeate  any 
perfon  who  draws  in  a certain  quantity  of  them  with 
his  breath.  Thefe  vapours  conftitute  what  is  called 
th <£  Volatile  Spirit  of  Sulphur . There  is  reafon  to 
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think  this  portion  of  Phlogifton  which  the  Acid  re- 
tains is  combined  therewith  in  a manner  different 
from  that  in  which  thefe  two  are  united  in  the  Sul- 
phur itfelf;  for,  as  has  juft  been  obferved,  nothing 
butadtual  burning  is  capable  of  feparating  the  Vi- 
triolic Acid  and  the  Phlogifton,  which  by  their 
union  form  Sulphur;  whereas  in  theVolatile  Spirit 
of  Sulphur  they  leparate  fpontaneoufly  when  ex- 
pofed  to  the  open  air;  that  is,  the  Phlogifton  flies 
off  and  leaves  the  Acid,  which  then  becomes  in 
every  refpedt  fimilar  to  the  Vitriolic  Acid. 

That  the  Volatile  Spirit  of  Sulphur  is  a com- 
pound, as  wehaveafferted  itto  be,  appears  evidently 
from  hence, that  wheneverthe Vitriolic  Acid  touches 
anyfubftance  containing  the  Phlogifton,  provided 
that  Phlogifton  be  difengaged  or  opened  to  a cer- 
tain degree,  a Volatile  Spirit  of  Sulphur  is  infalli- 
bly and  immediately  generated.  This  Spirit  hath 
all  the  properties  of  Acids,  but  confiderably  weak- 
ened, and  ol  courfe  lefs  perceptible.  It  unites  with 
abforbent  earths  or  fixed  Alkalis;  and  with  them 
forms  Neutral  Salts : but  when  combined  there- 
with it  may  be  feparted  from  them  by  the  Vitrio- 
lic Acid,  and  indeed  by  any  of  the  mineral  Acids, 
becaufe  its  affinities  are  weaker.  Sulphur  hath  the 
property  of  uniting  with  abforbent  earths,  but  not 
near  fo  intimately  as  with  fixed  Alkalis. 

If  equal  parts  of  Sulphur  and  an  Alkali  be  melt- 
ed together,  they  incorporate  with  each  other;  and 
from  their  conjunction  proceeds  a compound  of  a 
moft  unpleafant  ftnell,  much  like  that  of  rotten 
eggs,  and  of  a red  colour  nearly  refembling  that  of  , 
an  animal  liver,  which  has  oecafioned  it  to  bear  the 
name  of  Hepar  Snip  hurts,  of  Liver  of  Sulphur. 

In  this  compofition  the  fixed  Alkali  communi- 
cates to  the  Sulphur  the  property  of  diflblving  in 
wafter:  and  hence  it  comes  that  Liver  of  Sulphur 
may  be  made  as  well  when  the  Alkali  is  diflolved 

by 
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by  water  into  a fluid,  as  when  it  is  fufed  by  the 
adion  of  fire. 

Sulphur  has  lefs  affinity  than  any  Acid  with  the 
fixed  Alkalis:  and  therefore  Liver  of  Sulphur  may 
be  decompounded  by  any  Acid  whatever;  which 
will  unite  with  the  fixed  Alkali,  form  therewith  a 
Neutral  Salt,  arid  feparate  the  Sulphur. 

If  Liver  of  Sulphur  be  diffolved  in  water,  and 
an  Acid  poured  thereon,  the  liquor,  which  was 
tfanfparent  before,  inftantly  turns  to  an  opaque 
white ; becaufe  the  Sulphur,  being  forced  to  quit 
its  union  with  the  Alkali,  lofes  at  the  fame  time  the 
property  of  diflolving  in  water,  and  appears  again 
in  its  own  opaque  form.  The  liquor  thus  made 
white  by  the  Sulphur  is  called  Milk  of  Sulphur. 

If  this  liquor  be  fuffered  to  ftand  ftiil  for  fome 
time,  the  particles  of  Sulphur,  now  moft  minutely 
divided,  gradually  approach  each  other,  unite,  and 
fall  infenfibly  to  the  bottom  of  the  vefifel ; and 
then  the  liquor  recovers  its  tranfparency.  The 
Sulphur  thus  depofited  on  the  bottom  of  the  veffel 
is  called  the  Magijlery  or  Precipitate  of  Sulphur. 
The  names  of  Magiftery  and  Precipitate  are  alfo 
given  to  all  fubftances  whatever  that  are  feparated 
from  another  by  this  method;  which  is  the  realon 
that  we  ufe  the  expreflion  of  precipitating  one  fub- 
ftance  by  another,  to  fignify  the  feparating  one  of 
them  by  means  of  the  other. 

§.  II.  0//^  Nitrous  Acid. 

If  is  not  certainly  known  what  cooflitutes  the 
difference  between  theNitrous  Acid  and  the  Vitrio- 
lic Acid,  with  regard  to  the  conftituent  principles 
of  each.  The  mod  probable  opinion  is,  that  the 
Nitrous  Acid  is  no  other  than  the  Vitriolic  Acid 
combined  with  a certain  quantity  of  Phlogifton  by 
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the  means  of  putrefaction.  If  it  be  fo,  the  Phlo- 
gifton muft  be  united  with  the  Univerfal  Acid  in 
another  manner  than  it  is  in  fulphur,  and  in  its 
volatile  fpirit:  for  the  Nitrous  Acid  differs  from 
them  both  in  its  properties.  What  gives  ground 
for  this  opinion  is,  that  the  Nitrous  Acid  is  never 
found  but  in  earths  and  ftones  which  have  been 
impregnated  with  matters  fubjeCt  to  putrefaction, 
and  which  therefore  muft  contain  the  Phlogifton. 
For  it  is  neceffary  juft  to  obferve  here,  though  it 
be  not  yet  proper  to  enter  particularly  into  the 
fubjeCt,  that  all  fubftances  fufceptible  of  putre- 
faction really  contain  the  Phlogifton. 

The  Nitrous  Acid  combined  with  certain  ab- 
forbent  earths,  fuch  as  chalk,  marie,  boles,  forms 
Neutral  Salts  which  do  not  cryftallize;  and  which, 
after  being  dried,  run  in  the  air  per  deliquium. 

All  thofe  Neutral  Saks  which  confift  of  the  Ni- 
trous Acid  joined  to  an  earth,  may  be  decompof- 
ed  by  a fixed  Alkali,  with  which  the  Acid  unites, 
and  deferts  the  earth ; and  from  this  union  of  the 
Nitrous  Acid  with  a fixed  Alkali  refults  a new 
Neutral  Salt  which  is  called  Nitre , or  Salt-petre. 
This  latter  name  fignifies  the  Salt  of  Stone ; and  in 
fad  Nitre  is  extracted  from  the  ftones  and  plaifter, 
in  which  it  forms,  by  boiling  them  in  water  fatu- 
rated  with  a fixed  Alkali. 

Nitre  fhoots  in  long  cryftals  adhering  fideways 
to  each  other:  it  has  a faltifh  tafte,  which  pro- 
duces a fenfation  of  cold  on  the  tongue. 

This  Salt  eafily  diiTolves  in  water;  which,  when 
boiling  hot,  takes  up  kill  a greater  quantity 
thereof. 

It  flows  with  a pretty  moderate  degree  of  heat, 
and  continues  fixed  therein:  but  being  urged  by  a 
brifk  fire,  and  in  the  open  air,  it  lets  go  fome  pare 
of  its  Acid,  and  indeed  flies  off'  itfeif  in  part. 

The 
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The  molt  remarkable  property  of  Nitre,  and 
that  which  characterizes  it,  is  its  Fulmination  or 
Explofion  ; the  nature  of  which  is  as  follows.: 

When  Nitre  touches  any  fubftance  containing  a 
Phlogifton,  and  actually  ignited,  that  is,  actually 
on  fire,  it  burfts  out  into  a flame,  burns,  and  is 
decompounded  with  much  noife. 

In  this  deflagration  the  Acid  is  diflipated,  and 
totally  feparated  from  the  Alkali,  which  now  re- 
mains by  itfelf. 

Indeed  the  Acid,  at  lead  the  greateft  part  of  it, 
is  by  this  means  quite  deftroyed.  The  Alkali 
which  is  left  when  Nitre  is  decompounded  by  defla- 
gration, is  called  in  general  Fixed  Nitre , and,  more 
particularly,  Nitre  fixed  by  fuch  and  fuch  a fub- 
ftance  as  was  ufed  in  the  operation.  But  if  Nitre 
be  deflagrated  with  an  inflammable  fubftance  con- 
taining the  vitriolic  Acid,  as  fulphur,  for  instance, 
-the  fixed  Salt  produced  by  the  deflagration  is  not 
a pure  Alkali,  but  retains  a good  deal  of  the  vi- 
triolic Acid,  and,  by  combining  therewith,  hath 
now  formed  a neutral  Salt. 

Hitherto Chy-mifts  have  been  at  a lofs  for  the  rea- 
fon  why  Nitre  flames,  and  is  decompounded  in 
manner  above  mentioned, when  it  comes  in  contact 
with  a Phlogifton  properly  circumftanced.  For  my 
part,  I conjecture  it  to  be  for  the  fame  reafon  that 
vitriolated  tartar  is  alfo  decompounded  by  the  addi- 
tion of  a Phlogifton ; viz,  the  Nitrous  Acid,  having 
a greater  affinity  with  the  Phlogifton  than  with  the 
fixed  Alkali,  naturally  quits  the  latter  tojoin  with 
the  former,  and  fo  produces  a kind  of  fulphur,  dif- 
fering probably  from  the  common  fulphur,  formed 
by  the  vitriolic  Acid,  in  that  it  is  combuftible  to  fuch 
a degree,  as  to  take  fire  and  be  confirmed  in  the  very 
moment  of  its  production;  fo  that  it  is  impoflibleto 
prevent  its  being  thus  deftroyed,  and  confequently 
impoffible  to  fave  it.  In  fupport  of  this  opinion 
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let  it  be  confidered,  that  the  concurrence  of  the 
Phlogifton  is  abfolutely  neceflary  to  produce  this 
deflagration,  and  that  the  matter  of  pure  fire  is 
altogether  incapable  of  effeding  it : for  though 
Nitre  be  cxpofed  to  the  moft  violent  degree  of  fire, 
even  that  in  the  focus  of  the  moft  powerful  burn- 
ing-glafs,  it  will  not  flame ; nor  will  that  effed  ever 
happen  till  the  Nitre  be  brought  into  contad  with 
a Phlogifton  properly  fo  called,  that  is,  the  mat- 
ter of  fire  exifting  as  a principle  of  fome  body; 
and  it  is  moreover  neceftary  that  this  Phlogifton 
be  adually  on  fire,  and  agitated  with  the  igneous 
motion,  or  elfe  that  the  Nitre  itfelf  be  red-hot, 
and  fo  penetrated  with  fire  as  to  kindle  any  in- 
flammable matter  that  touches  it. 

This  experiment,  amongothers,  helps  tofhew  the 
diftindion  that  ought  to  be  made  between  pure  ele- 
mentary fire,  and  fire  become  a principle  of  bodies, 
to  which  we  have  given  the  name  of  Phlogifton. 

Before  we  leave  this  fubjed,  we  fhall  obferve  that 
Nitre  deflagrates  only  with  fuch  fubftances  as  con- 
tain the  Phlogifton  in  its  fimpleft  and  pureft  form; 
fuch  as  charcoal,  fulphur,  and  the  metalline  fub- 
ftances; and  that,  though  it  will  not  deflagrate 
without  the  addition  of  fome  combuftible  matter, 
it  is  neverthelefs  the  only  known  body  that  will 
burn,  and  make  other  combuftibles  burn  with  it, 
in  clofe  veftels,  without  the  admiflion  of  frefh  air. 

1 he  Nitrous  Acid  hath  not  fo  great  an  affinity 
with  earths  and  Alkalis  as  the  vitriolic  Acid  hath 
with  the  fame  fubftances;  whence  it  follows  that 
the  vitriolic  Acid  decompofes  all  neutral  faltsarifing 
from  a combination  of  the  Nitrous  Acid  with  an 
earth  or  an  Alkali.  The  vitriolic  Acid  expels  the 
Nitrous  Acid,  unites  with  the  fubftance  which 
ferved  it  for  a bafis,  and  therewith  forms ti  neutral 
fait,  which  is  an  Alum,  a Selenites,  or  a vitriolated 
Tartar,  according  to  the  nature  of  that  bafis. 

The 
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The  Nitrous  Acid,  when  thus  fcparated  from 
its  balls  by  the  vitriolic  Acid,  is  named  Spirit  of 
Nitre,  or  Aqua  Fortis.  If  it  be  dephlegmated,  or 
contain  but  little  fuperfluous  water,  it  exhales  in 
reddilh  vapours;  thefe  vapours,  being  con- 
denfed  and  colle&ed,  form  a liquor  of  a brownilh 
yellow,  that  inceflantly  emits  vapours  of  the  fame 
colour,  and  of  a pungent  dilagreeable  ifnell.  Thele 
chara&ers  have  procured  it  the  names  of  Smoaking 
Spirit  of  Nitre , and  Fellow  Aqua  Fori  is.  This  pro- 
perty in  the  Nitrous  Acid,  of  exhaling  in  vapours, 
lhews  it  to  be  lei's  fixed  than  the  vitriolic  Acid;  for 
the  latter,  though  ever  l'o  thoroughly  dephlegmated, 
never  yields  any  vapours,  nor  has  it  any  lmell. 

§.  III.  Of  the  Ac  ip  of  Sea-Salt. 

The  Acid  of  Sea-Salt  is  fo  called  becaufe  it  is  in 
fatt  obtained  from  fuch  Sea-Salt  as  is  ufed  in  our 
kitchens.  It  is  not  certainly  known  in  what  this 
Acid  differs  from  the  vitriolic  and  the  nitrous,  with 
regard  to  its  conflituent  parts.  Several  of  the  ableft 
Chymifts,  fuch  as  Becher  and  Stahl,  are  of  opinion 
that  the  Marine  Acid  is  no  other  than  the  Univer- 
fal  Acid  united  to  a particular  principle  which 
thev  call  a Mercurial  Earth.  Concerning:  this  earth 
we  lhall  have  occafion  to  fay  more,  when  we  come 
to  treat  of  metallic  fubftances : But  in  the  mean 
time  it  mud  be  owned,  that  the  truth  of  this  opi- 
nion is  fo  far  from  being  proved  by  a iuiEcient 
number  of  experiments,  that  the  very  exigence  of 
fuch  a mercurial  earth  is  not  yet  well  eftabliihed  ; 
and  therefore,  that  we  may  not  exceed  the  bounds 
of  our  know  ledge,  we  lhali  content  ourielves  with 
delivering  here  the  properties  which  characterize 
the  Acid  in  queftion,  and  by  which  it  is  diftin- 
guifhed  from  the  two  others  confidered  above. 

When  it  is  combined  with  abforbent  earths, 
fuch  as  lime  and  chalk,  it  forms  a neutral  fait  that 

does 
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does  not  cryftallize,  and,  when  dried,  attracts  the 
moifture  of  the  air.  If  the  abforbent  earth  bq  not 
fully  faturated  with  the  Marine  Acid,  the  fait  there- 
by formed  has  the  properties  of  a fixed  Alkali : 
and  this  is  what  made  us  fay,  when  we  were  on  the 
fubjeft  of  thofe  falts,  that  they  might  be  imitated 
by  combining  an  earth  with  an  Acid.  The  Ma- 
rine Acid,  like  the  reft,  hath  not  fo  great  an  affi- 
nity with  earths  as  with  fixed  Alkalis. 

When  it  is  combined  with  the  latter,  it  forms  a 
neutral  fait  which  (hoots  inco  cubical  cryftals.  This 
fait  is  inclined  to  grow  moift  in  the  air,  and  is 
confequently  one  of  thofe  which  water  difiblves 
in  equal  quantities,  at  leaft  as  to  fenfe,  whether  it 
be  boiling  hot  or  quite  cold. 

The  affinity  of  this  Acid  with  Alkalis  and  ab- 
for’oent  Earths  is  not  fo  great  as  that  of  the  vitrio- 
lic and  nitrous  Acids  with  the  fame  fubftances: 
whence  it  follows  that,  when  combined  therewith, 
it  may  be  feparated  from  them  by  either  of  thofe 
Acids. 

The  Acid  of  Sea-Salt,  thus  dilengaged  from 
the  fubftance  which  ferved  it  for  a balls,  is  called 
Spirit  of  Salt.  When  it  contains  but  little  phlegm 
it  is  of  a lemon  colour,  and  continually  emits 
many  white,  very  denfe,  and  very  elaftic  Vapours.; 
on  which  account  it  is  named  the  £ mo  aking  Spirit 
of  Salt.  Its  fmell  is  not  difagi  eeable,  nor  much 
unlike  that  of  faffron  ; but  extremely  quick  and 
fuffocating  when  it  fmokes. 

T he  Acid  of  Sea-Salt,  like  the  other  two,  feems 
to  have  a greater  affinity  with  the  Phlogifton,  than 
with  fixed  Alkalis.  We  are  led  to  this  opinion 
by  a very  curious  operation,  which  gives  ground 
to  think  that  Sea-Salt  may  be  decompofed  by  the 
proper  application  of  a fubftance  containing  the 
Phlogifton. 
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From  the  Marine  Acid  combined  with  a Fhlo- 
gifton  refults  a kind  of  Sulphur,  differing  from  the 
common  fort  in  many  refpectsj  but  particularly  in 
this  property,  that  it  takes  fire  of  itfelf  upon  being 
expofed  to  the  open  air.  This  combination  is 
called  Englijh  PkoJfph orus , Phofphorus of  Urine , be- 
caufe  it  is  generally  prepared  from  urines  or,  only 

Phofphorus.  . . . 

This  combination  of  the  Marine  Acid  with  a 
Phlogifton  is  not  eafily  effefted ; becaule  it  requires 
a difficult  operation  in  appropriated  veffels.  For 
thefe  reafons  it  does  not  always  fucceed ; and 
Phofphorus  is  fo  Icarce  and  dear,  that  hitherto 
Chymifts  have  not  been  able  to  make  on  it  the 
experiments  neceffary  to  difeover  all  its  properties. 
If  Phofphorus  be  fuffered  to  burn  away  in  the  aiPy 
a fmall  quantity  of  an  acid  liquor  may  be  obtain- 
ed from  it,  which  feems  to  be  fpirit  of  fait,  but 
either  altered,  or  combined  with  fome  adventitious 
matter  5 for  it  has  feveral  properties  that  are  not  to 
be  found  in  the  pure  Marine  Acid  j fuch  as*  leav- 
ing a fixed  fufible  fubftance  behind  it  when. ex- 
pofed to  a ftrong  fire,  and  being  eafily  combined 
with  the  Phlogifton  fo  as  to  reproduce  a Phofphorus, 

Phofphorus  refembles  fulphur  in  feveral  ot  its 
properties : it  is  foluble  in  oils  5.  it  melts  with  a 
gentle  heat ; it  is  very  combuftible ; it  burns  with- 
out producing  foot  j and  its  ftame  is  vivid  and 

bluifti.  _ , . ' c t 

From  what  has  been  laid  of  the  union  of  the 

Acid  of  Sea-Salt  with  a fixed  Alkali,  and  of  the 
neutral  fait  refidting  therefrom, it  maybe  concluded 
that  this  neutral  fait  is  no  other  than  the  common 
kitchen- fait.  But'it  muft  be  obferved  that  the  fixed 
Alkali,  which  is  the  natural  bafis  of  the  common 
fait  obtained  from  fea- water,  is  of  a fort  iomewhac 
differing  from  fixed  Alkalis  in  general,  and  hath 
certain  properties  peculiar  to  itielf.  For,  ^ 
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1.  The  bafis  of  Sea-Salt  differs  from  other  fixed 
Alkalis  in  this,  that  it  cryftallizes  like  a neutral 
fait. 

2.  It  does  not  grow  moift  in  the  air : on  the  con- 
trary, when  expofed  to  the  air,  it  lofes  part  of  the 
water  that  united  with  it  in  cryftallization,  by  which 
means  its  cryftals  lofe  their  tranfparency*  become, 
as  it  were,  mealy,  and  fall  into  a fine  flour. 

3.  When  combined  with  the  vitriolic  Acid  to 
the  point  of  faturation,  it  forms  a neutral  fait,  dif- 
fering from  vitriolated  tartar,  firft,  in  the  figure  of 
its  cryftals,  which  are  oblong  fix-fided  folids ; fe- 
condly,  in  its  quantity  of  water,  which  in  cryftalli- 
zation unites  therewith  in  a much  greater  propor- 
tion than  with  vitriolated  tartar  j whence  it  fol- 
lows, that  this  fait  diflblves  in  water  more  readily 
than  vitriolated  tartar;  thirdly,  in  that  it  flows 
with  a very  moderate  degree  of  heat,  whereas  vi- 
triolated tartar  requires  a very  fierce  one. 

If  the  Acid  of  Sea-Salt  be  feparated  from  its 
bafis  by  means  of  the  vitriolic  Acid*  it  is  eafy  to 
fee  that,  when  the  operation  is  finifhed,  the  fait 
we  have  been  fpeaking  of  muft  be  the  refult.  A 
famous  Chymift,  named  Glauber,  was  the  firft  who 
extraded  the  Spirit  of  Salt  in  this  manner;  exa- 
mined the  neutral  fait  refulting  from  his  procefs, 
and,  finding  it  to  have  fome  fingular  properties, 
called  it  his  Sal  mirabile , or  wonderful  Salt : on 
this  account  it  is  (till  called  Glauber’s  Sal  mirq- 
bile,  or  plainly  Glauber's  Salt . 

4.  When  the  bafis  of  Sea-Salt  is  combined  with 
the  nitrous  Acid  to  the  point  of  faturation,  there 
refults  a neutral  fait,  or  a fort  of  nitre,  differing  from 
the  common  nitre,  firft,  in  that  it  attrads  the  moi- 
fture  of  the  air  pretty  ftrongly ; and  this  makes  it 
difficult  to  cryftallize:  fecondly,  in  the  figure  of 
its  cryftals,  which  are  parallelopipeds ; and  this 
has  procured  it  die  name  of  Quadrangular  Nitre . 

D 2 Common 
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Common  fait,  or  the  neutral  fait  formed  by 
combining  the  Marine  Acid  with  this  particular 
fort  of  fixed  Alkali,  has  a tafte  well  known  to  every 
body.  The  figure  of  its  cryftals  is  exactly  cubical. 
It  grows  moift  in  the  air,  and,  when  expofed  to 
the  fire,  it  burfts,  before  it  melts,  into  many  little 
fragments,  with  a crackling  noife , which  is  called 
the  Decrepitation  of  Sea-Salt. 

That  neutral  fait  mentioned  above,  which  is 
formed  by  combining  the  Marine  Acid  with  a 
common  fixed  Alkali,  and  called  Sal  febrifugum 
Sylt'ii , hath  alfo  this  property. 

India  furnifhes  us  with  a faline  fubftance,  known 
by  the  name  of  Borax , which  flows  very  eafily,  and 
then  takes  the  form  of  glafs.  It  is  of  great  ulc  in 
facilitating  the  fufion  of  metallic  fubftances.  It 
poffeffes  lome  of  the  properties  of  fixed  Alkalis, 
which  has  induced  certain  Chymifts  to  reprefent 
it,  through  miftake,  as  a pure  fixed  Alkali. 

By  mixing  borax  with  the  vitriolic  Acid,  Mr. 
Homberg  obtained  from  it  a fait, which  fublimes  in 
a certain  degree  of  heat,whenever  fuch  a mixture  is 
made.  This  fait  has  very  fingular  properties;  but  its 
nature  is  not  yet  thoroughly  underftood.  Itdiffolves 
in  water  with  great  difficulty ; it  is  not  volatile, 
though  it  rifes  by  fublimation  from  the  borax.  Ac- 
cording to  Mr.  Rouelle’s  obfervation,  it  rifes  then 
only  by  means  of  the  water  which  carries  it  up:  for, 
when  once  made,  it  abides  the  fierceft  fire,  flows  and 
vitrifies  juft  as  borax  does;  provided  care  be  taken 
to  free  it  previoufly  from  moifture  by  drying  it  pro- 
perly. Mr.  Homberg  called  it  Sedative  Salty  on  ac- 
count of  its  medical  effects.  T.  he  fedative  ialt  hath 
the  appearance, and  lome  of  the  properties,of  a neu- 
tral fait;  for  it  flioots  into  cryftals,  and  does  not 
change  the  colour  of  violets  : but  it  a6ls  the  part 
of  an  Acid  with  regard  to  Alkalis,  uniting  with 
them  to  the  point  of  faturation,  and  thereby  form- 
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in°-  a true  neutral  fait.  It  alfo  ads  like  the  Acid 
of  vitriof  on  all  neutral  falts;  that  is,  it  difeharges 
the  Acid  of  fuch  as  have  not  the  vitriolic  Acid  in 
their  compofition. 

SinceMr.  Homberg’s  time  it  hath  beendifeover- 
ed,  that  a fedative  fait  may  be  made  either  with  the 
nitrous  or  with  the  marine  Acid ; and  that  fublima- 
tion  is  not  neceffary  to  extract  it  from  the  borax, 
but  that  it  may  be  obtained  by  cryftallization  only. 
For  this  latter  difeovery  we  are  indebted  to  Mr. 
Geoffroy,  as  we  are  to  Mr.  Lemery  for  the  former. 

Since  that  time  M.  Baron  d’Henouville,  an  able 
Chymift,  hath  fhewn  that  a fedative  fait  may  be 
obtained  by  the  means  of  vegetable  Acids;  and 
hath  lately  demonftrated,  in  fome  excellent  papers 
publifhed  in  the  colledion  of  Memoirs  written  by 
the  correlpondents  of  the  Academy  of  Sciences, 
that  the  fedative  fait  exifts  adually  and  perfedly  in 
the  borax,  and  that  it  is  not  produced  by  mixing 
Acids  with  that  faline  fubftance,  as  it  feems  all  the 
Chymifts  before  him  imagined.  This  he  proves 
convincingly  from  his  analyfis  of  borax,  (which 
thereby  appears  to  be  nothing  elfe  but  the  fedative 
fait  united  with  that  fixed  Alkali  which  is  the  bafis 
of  Sea-Salt)  and  from  his  regenerating  the  fame 
borax  by  uniting  together  that  Alkali  and  the  feda- 
tive fait:  a proof  the  moft  complete  that  can  poffi- 
bly  be  produced  in  natural  philgfophy,  and  equi- 
valent to  demonstration  itfelf.  - 

In  order  to  finifh  what  remains  to  be  faid  upon 
the  feveral  forts  of  faline  fubftances,  we  fhould  now 
fpeak  of  the  Acids  obtained  from  vegetables  and 
animals,  and,  alfo  of  the  volatile  Alkalis  : but,  fee- 
ing thefe  faline  fubftances  differ  from  thofe  of 
which  we  have  already  treated,  only  as  they  are 
varioufly  altered  by  the  unions  they  have  contra£t> 
ed  with  certain  principles  of  vegetables  and  ani-? 
trials,  of  which  nothing  has  been  yet  laid,  it  is  pro-? 
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fm  t0  t defer  be,in.g  Particular  concerning  them, 
(ill  we  have  explained  thofe  principles. 


chap.  V. 

Of  Lime. 

Any  fubftance  whatever,  that  has  beenroafted 
a confiderable  time  in  a ftrong  fire  without 
melting,  is  commonly  called  a Calx.  Stones  and 
metals  are  the  principal  fubje&s  that  have  the 
property  of  being  converted  into  Calces.  We  fhalj 
tieat  of  Metalline  Calces  in  a fubfequent  chapter, 
in  this  confine  ourfelyes  to  the  Calx  of  Stone ' 
known  by  the  name  of  Lipie. 

In  treating  of  earths  in  general  we  obferved, 
that  they  may  be  divided  into  two  principal  kinds; 
one  of  which  actually  and  properly  flows  when 
expofed  to  the  action  of  fire,  and  turns  to  glafs  * 
whence  it  is  called  a fujible  or  vitrifiable  earth; 
the  other  refills  the  utmoft  force  of  fire,  and  is 
therefore  faid  to  be  an  unfufible  or  unvitrifiabte 
earth.  1 he  latter  is  alfo  npt  uncommonly  called 
calcinable  earth  ; though  film'd  ry  forts  of  unfufible 
earths  are  incapable  of  acquiring  by  the  adfion  of 
fire  all  the  qualities  of  calcined  earth,  or  Lime  pro- 
perly fo  called:  fuch  earths  are  particularly  diftm- 
guifhed  by  the  denomination  of  vefrcitlovy  earths. 

As  the  different  forts  of  ftones  are  nothing  more 
than  compounds  or  different  earths,  they  have  the 
fame  properties  with  the  earths  of  which  they  are 
compofed,  and  may,  like  them,  be  divided  into 
fufible  or  verifiable,  and  unfufible  or  calcinable. 
The  fufible  ftones  are  generally  denoted  by  the 
name  of  L lints  ; the  calcinable  ftones,  again,  are 
the  feveral  forts  of  marbles,  cretaceous  ftones, 

thofe 
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tfiofe  commonly  called  free-ftones,  fsfr.  Tome  of 
which,  as  they  make  the  belt  Lime,  are,  by  way 
of  eminence,  called  Lime-Jlcnes.  Sea-fhells  alfo, 
and  (tones  that  abound  with  fo  (file  (hells,  are  ca- 
pable of  being  burnt  to  Lime. 

Ail  thefe  fubftances,  being  expofed,  for  a longer 
or  (hotter  time,  as  the  nature  of  each  requires,  to 
the  violent  adtmn  of  fire,  are  faid  to  be  calcined 
By  calcination  they  lofe  a confiderable  part  of 
their  weight,  acquire  a white  colour,  a,nd  become 
friable  though  ever  fo  folid  before;  as,  for  inftance, 
the  very  hardeft  marbles.  Thefe  fubftances,  when 
thus  calcined,  take  the  name  of  ghiick  Lime . . 

Water  penetrates  Quick  Lime,  and  rufhes  into 
jt  with  vaft  adivity.  If  a lump  of  newly  calcined 
Lime  be  thrown  into  water,  it  inftantly  excites  al- 
moft  as  great  a noife,  ebullition,  and  fmoke,  as 
would  be  produced  by  a piece  of  red-hot  iron ; 
with  fuch  a degree  of  heat  too,  that,  if  the  Lime 
be  in  due  proportion  to  the  water,  it  will  fet  fire 
to  combuftible  bodies;  as  hath  unfortunately  hap- 
pened to  veflels  laden  with  Qui«k  Lime,  on  their 
fpringing  a fmall  leak. 

As  foon  as  Quick  Lime  is  put  i,nto  water,  it 
fwells,  and  falls  afunder  into  an  infinite  number  of 
minute  particles : in  a word,  it  is  . in  a manner  dif- 
folved  by  the  water,  which  forms  therewith  a fort 
of  white  pafte  called  Slacked  Lime . 

If  the  quantity  of  water  be  confiderable  enough 
for  the  Lime  to  form  with  it  a white  liquor,  this 
liquor  is  called  Lac  Catcis ; which,  being  left  fome 
time  t6  fettle,  grows  clear  and  transparent,  the  Lime 
which  was  fufptrnded  therein,  and  occailoned  its 
opacity,  fubfiding  to  the  bottom  of  the  veftek 
Then  there  forms  on  the  furface  of  the  liquor  a cry- 
(lalline  pellicle,  fomewhat  opaque  and  dark  colour- 
ed, which  being  fkimmed  off  is  reproduced  from 
time  to  time.  This  matter  is  called  Cremor  Calcis. 

D 4 Slacked 
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Slacked  Lime  gradually  grows  dry,  and  takes 

the  form  of  a fohd  body,  but  full  of  cracks  and 
e atute  of  firmnefs.  The  event  is  different  when 
you  mix  it  up,  while*  yet  a pafte,  with  a certain 
quantity  of  uncalcined  (tony  matter,  fuch  as  fand 
tor  example;  then  it  takes  the  name  of  Mortar , 
and  gradually  acquires,  as  it  grows  drier  and  older, 
a hardnefs  equal  to  that  of  the  bed  (tones.  This  is 
a very  Angular  property  of  Lime,  nor  is  it  eafy  to 
account  for  it:  but  it  is  a beneficial  one;  for  every 
body  knows  the  ufe  of  mortar  in  building. 

Quick  Lime  attracts  the  moiflure  of  the  air,  in 
the  fame  manner  as  concentrated  acids,  and  dry 
fixed  alkalis;  but  not  in  fuch  quantities  as  to  ren- 
der it  fluid  : it  only  falls  into  extremely  fmall 
particles,  takes  the  form  of  a fine  powder,  and  the 
title  of  Lime  flacked  in  the  air. 

Lime  once  flacked,  however  dry  it  may  after- 
wards appear,  always  retains  a large  portion  of  the 
water  it  hath  imbibed;  which  cannot  be  feparated 
fiom  it  again  but  by  means  of  a violent  calcina- 
tion. Being  fo  recalcined  it  returns  to  be  Quick 
Lime,  recovering  all  its  properties. 

Befides  the  great  affinity  of  Quick  Lime  with 
water,  which  difcovers  a fahne  character,  it  has 
feverai  other  (aline  properties,  to  be  afterwards 
examined,  much  relembling  thofe  of  fixed  alkalis. 
In  Chymiftry  it  adls  very  nearly  as  thofe  falts  do* 
and  may  be  confidered  as  holding  the  middle  rank  * 
between  a pure  abfor bent  earth  and  a fixed  alkali: 
and  this  hath  induced  many  Chymifls  to  think 
that  Lime  contains  a true  fait,  to  which  all  the 
properties  it  polfeffes  in  common  With  falts  may 
be  attributed. 

But  as  the  chymical  examination  of  this  fubjedt 
hath  long  been  negle&ed,  the  pxiftence  of  a 
faline  fubflance  in  Lime  hath  been  long  doubt- 
ful. Mr.  du  Fay,  author  of  fome  excellent  chy- 
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mical  experiments,  was  one  of  the  firft  who  ob- 
tained a Salt  from  Lime,  by  lixiviating  it  with  a 
great  deal  of  water,  which  he  afterwards  evapo- 
rated. But  the  quantity  of  fait  he  obtained  by  that 
means  was  very  fmall ; nor  was  it  of  an  alkaline 
nature,  as  one  would  think  it  fliould  have  been, 
confidering  the  properties  of  Lime.  Mr.  du  Fay 
did  not  carrv  his  experiments  on  this  fubjedt  any 
further,  probably  for  want  of  time ; nor  did  he 
determine  of  what  nature  the  fait  was. 

Mr.  Malouin  had  the  curiofity  to  examine  this 
Lit  of  Lime,  and  foon  found  that  it  was  nothingelfe 
but  what  was  above  called  Cremor  Calcis.  He  found 
moreover,  that,  by  mixing  a fixed  alkali  with 
Lime-water,  a vitriolated  tartar  was  formed ; that, 
by  mixing  therewith  an  alkali  like  the  bafis  of.fea- 
lalt,  a Glauber  s fait  was  produced ; and  laftly,  by 
combining  Lime  with  a fubftance  abounding  in 
phlogifton  he  obtained  a true  fulphur.  Thefe  very 
ingenious  experiments  prove  to  a demonftration 
that  the  vitriolic  acid  conftitutes  the  fait  of  Lime: 
for,  as  hath  been  fhewn,  no  ocher  acid  is  capable  of 
forming  fufch  combinations.  On  the  other  hand, 
Mr.  Malouin,  having  forced  the  vitriolic  acid  of 
this  ialt  to  combine  with  a phlogifion,  found  its 
bafis  to  be  earthy,  and  analogous  to  that  of  the 
felenites : whence  he  concluded  that  the  fait  of 
Lime  is  a true  neutral  fait,  of  the  fame  kind  as  the 
lei en ires.  Mr.  Malouin  tells  us  he  found  feveral 
other  falts  in  Lime.  But  as  none  of  them  was  a 
hxet;  alkali,  and  as  all  thefaline  properties  of  Lime 
have  an  affinity  with  thofe  of  that  kind  of  fait 
tnere  is  great  reafon  to  think  that  all  thofe  falts 
are  foreign  to  Lime,  and  that  their  union  with  it 
is  merely  accidental. 

I myfelf  have  made  feveral  experiments  in  order 
to  get  tome  mfight  into  the  faline  nature  of  Lime, 
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arid  fhall  here  produce  the  refult  with  all  poffible 
concilenefs.  I took  feveral  ftones  of  different 
kinds,  fome  of  which  produced  by  calcination  a 
very  ftrong  Lime,  and  others  but  a.  very  weak  one. 
Thefe  I impregnated  with  different  faline  fubftances, 
acids,  alkalis,  and  neutrals,  and  then  expofed  them 
all  to  the  lame  degree  of  fire,  which  was  a pretty 
ftrong  one,  and  long  enough  continued  to  have 
made  very  good  Lime  of  ftones  the  moft  difficult 
to  calcine.  The  confequence  was,  that,  in  the  fir  ft 
place,  thofe  ftones  which  naturally  made  but  a weak 
Lime  were  not  by  this  proeefs  converted  into  a 
ftronger  Lime ; and,  moreover,  that  none  of  thefe 
ftones,  even  fuch  as  would  naturally  have  produced 
the  moft  adtive  Lime,  had  acquired  the  properties 
of  Lime.  Thefe  experiments  I varied  many  wavs, 
employing  different  proportions  of  faline  matters,  < 
and  almoft  every  poffible  degree  of  fire,  and  con-, 
ftantly  obferved,  after  calcination,  that  all  thofe 
ftones  were  fo  much  the  further  from  the  nature  of 
Lime,  as  they  had  been  combined  with  larger  doles 
offalts.  Among  thofe  which  were  impregnated  with 
the  greateft  proportion  of  falts,  and  had  fuffered  the 
greateft  violence  of  fire,  I obferved  fome  that  had 
■begun  to  flow,  and  were  in  a manner  vitrified. 
Now  as  the  fame  fubjeCt  cannot  be,  at  one  and  the 
fame  time,  in  the  ftate  of  glafs  and  of  Lime  too; 
as  a body  cannot  approach  to  one  of  thefe  ftates  but 
in  proportion  as  it  recedes  from  the  other;  and  as 
faltsdm  general  difpofe  thofe  bodies  to  fufion  and 
yitifncation  which  are  in  themfclves  the  moft  averle 
to  either,  I concluded  from  my  experiments,  that 
the  faline  fubftances  1 ufed  had,  by  ailing  as  fluxes 
upon  the  ftones,  prevented  their  calcination  ; that 
confequently  we  may  fufpect  there,  is  no  laline 
matter  in  the  compofition  of  Lime,  as  Lime;  and 
phat  Lime  does  not  owe  its  faline  and  alkaline  pro- 
perties 
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perties  to  any  fait;  or  at  leaft  that  if  it  does  owe 
thofe  properties  to  a lalt,  fuch  fait  mull  be  na- 
turally and  originally  combined  with  the  matter  of 
the  ftone  in  fo  juft  a proportion,  that  it  is  impoffible 
to  increafe  the  quantity  thereof  without  preju- 
dicing the  Lime,  and  depriving  it  in  fome  meafurc 
of  its  virtue.  This  theory  agrees  perfectly  with  the 
illuftrious  Stahl’s  opinion ; for  he  thinks,  as  we 
obferved  in  difcourfing  of  Salts  in  general,  that 
every  faline  fubftance  is  but  an  earth  combined  in 
a certain  manner  with  water.  This  notion  he  ap- 
plies to  Lime,  and  fays  that  fire  only  fubtilizes 
and  attenuates  the  earthy  matter,  and  thereby  ren- 
ders it  capable  of  uniting  with  water  in  fuch  a 
manner,  that  the  refult  of  their  combination  fhall 
be  a fubfanc-e  having  faline  properties;  and  that 
Lime  accordingly  never  acquires  thefe  properties 
till  it  be  combined  with  water. 


I have  dwelt  longer  on  the  Salt  of  Lime  than  I 
fhall  on  any  other  particular ; becaufe  the  fubjed, 
though  in  itfelf  of  great  importance,  has  hitherto 
been  but  little  attended  to,  and  becaufe  the  expe- 
riments here  recited  are  entirely  new.  r 

Lime  unites  with  all  acids,  and  in  conjunction 
with  them  exhibits  vanqus  phenomena. 

The  vitriolic  acid  poured  upon  Lime  diffolves 
it  with  effervefcence  and  heat.  From  this  mix. 
Hire  there  exhales  a great  quantity  of  vapours,  in 
fmell  and  colour  perfectly  like  thofe  of  fea-falt : 
from  which  however  they  are  found  to  be  very 
different  when  colledted  into  a liquor.  From  this 
combination  of  the  vitriolic  acid  with  Limearifes 

nf"rk  r falt>  which  (hoots  into  cryftals,  and  is 

he  lame  kind  with  the  felenitic  fait  obtained 
from  Lime  by  Mr.  Malouin.  ooiainea 

The  nitrous  acid  poured  upon  Lime  diffolves  it 
in  like  manner  with  effervefcence  and  heat  • but  the 
folution  is  tranfparent,  and  therein  differs  from  the 

former. 
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former,  which  is  opaque.  From  this  mixture  there 
arifes  a neutral  fait,  which  does  not  cryftallize,  and 
has  withal  the  very  lingular  property  of  being  vola- 
tile, and  riling  wholly  by  diftillation  in  a liquid 
form.  This  phenomenon  is  fo  much  the  more 
remarkable,  as  Lime,  the  bafis  of  this  fait,  is  one 
of  the  moll  fixed  bodies  known  in  Chymiftry. 

With  the  acid  of  fea-falt  Lime  forms  alfo  a 
Angular  fort  of  fait,  which  greedily  imbibes  the 
moifture  of  the  air.  We  fhall  have  occafion  to 
take  further  notice  of  it  in  another  place. 

Thefe  experiments  made  on  L:me  with  acids 
are  likewife  quite  new.  We  are  indebted  for  them 
to  Mr.  Du  Hamel  of  the  Academy  of  Sciences, 
whofe  admirable  Memoirs  on  feveral  fubjecls  Ihew 
his  extenfive  knowledge  in  all  parts  of  Natural 
Philofophy. 

Lime  applied  to  fixed  alkalis  adds  confiderably 
to  their  cauftic  quality,  and  makes  them  more 
penetrating  and  adtive.  An  alkaline  lixivium  in 
which  Lime  hath  been  boiled,  being  evaporated 
to  drynefs,  forms  a very  cauftic  fubftance,  which 
flows  in  the  fire  much  more  eafily,  attracts  and 
retains  moifture  much  more  ftronglv,  than  fixed 
alkalis  that  have  not  been  fo  treated.  An  alkali 
thus  actuated  by  Lime  is  called  the  Caujl'ic  Stone, 
or  Potential  Cautery ; becaufe  it  is  employed  by 
furgeons  to  produce  efchars  on  the . fkin,  and 
cauterize  it. 
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CHAP.  VI. 

Of  Metallic  Subftances  in  general . 

METALLIC  Subftances  are  heavy,  glit- 
tering, opaque,  fufible  bodies.  They  con- 
fift  chiefly  of  a vicrifiable  earth  united  with  the 
phlogifton. 

Several  Chymifts  infift  on  a third  principle  in 
thefe  bodies,  and  have  given  it  the  name  of  Mer - 
atrial  earth,  which,  according  to  Becher  and  Stahl, 
is  the  very  fame  that  being  combined  with  the 
vitriolic  acid  forms  and  charaderizes  the  acid  of 
fea-falt.  The  existence  of  this  principle  hath  not 
yet  been  demonftrated  by  any  decifive  experiment; 
but  we  fhall  (hew  that  there  are  pretty  ftrong 
reafons  for  admitting  it. 

We  fliall  begin  with  mentioning  the  experiments 
which  prove  Metallic  Subftances  to  confift  of  a 
vitrifiable  earth  united  with  the  phlogifton.  The 
firft  is  this : if  they  be  calcined  in  fuch  a manner 
as  to  have  no  communication  with  any  inflamma- 
ble matter,  they  will  befpoiled  of  all  their  proper- 
ties, and  reduced  to  an  earth  or  calx,  that  has 
neither  the  fplendour  nor  the  dudility  of  a metal, 
and  in  a ftrong  fire  turns  to  an  adual  glais,  in- 
ftead  of  flowing  like  a metal. 

The  fecond  is,  that  the  calx  or  the  glafs  refill e- 
ing  from  a metal  thus  decompofed,  recovers  all 
its  metalline  properties  by  being  fufed  in  imme- 
diate contad  with  an  inflammable  fubftance, 
capable  of  reftoring  the  phlogifton  of  which  cal- 
cination had  deprived  it. 

On  this  occafion  we  muft  obferve  that  Chymifts 
have  not  yet  been  able,  by  adding  the,  phlogifton, ' 

to 
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to  give  the  properties  of  metals  to  all  forts  of 
vitrifiable  earths  indifcriminately;  but  to  fuch  only 
as  originally  made  a part  of  feme  metallic  body, 
ror  example,  a compound  cannot  be  made  with 
the  phlogifton  and  fand  that  fhall  have  the  leaft  re- 
femblance  of  a metal : and  this  is  what  feems  to 
point  out  the  reality  of  a third  principle,  as  necef- 
fary  to  form  the  metalline  combination.  This  prin- 
ciple may  probably  remain  united  with  the  veri- 
fiable eai  th  of  a metallic  fubftance,  when  reduced 
to  a glafs;  whence  it  follows,  that  fuch  vitrified 
metals  require  only  the  addition  of  a phlogifton  to 
enable  them  to  appear  again  in  their  priftine  form. 

It  may  be  inferred  from  another  experiment, 
that  the  calx  and  the  glafs  of  a metal  are  not  its 
pure  vitrifiable  earth,  properly  fo  called:  for  by 
repeated  or  long  continued  calcinations,  fuch  a 
calx  or  glafs  may  be  rendered  incapable  of  ever 
refuming  the  metalline  form,  in  whatever  manner 
the  phlogifton  be  afterwards  applied  to  it;  fo  that 
by  this  means  it  is  brought  into  the  condition  of 
a pure  vitrifiable  earth,  abfolutely  free  from  any 
mixture.  Thofe  Chymifts  who  patronife  the  Mer- 
curial earth,  produce  many  other  proofs  of  the 
exiftence  of  that  principle  in  metallic  fubftances ; 
but  they  would  be  mifplaced  in  an  elementary 
treatife  like  this. 

( When  by  adding  the  phlogifton  to  a metallic 
glafs  we  reftore  it  to  the  form  of  a metal,  we  are 
faid  to  reduce , rejujcitate , or  revivify  that  metal. 

Metallic  fubftances  are  of  different  kinds,  and 
are  divided  into  Metals  and  Semi-metals. 

I hofe  are  called  Metals  which,  befides  their 
metalline  fplendourahd  appearance,  are  alfo  mal- 
leable $ that  is,  have  the  property  of  ftretching 
under  the  hammer,  and  by  that  means  of  being 
wrought  into  different  forms  without  breaking. 

Thofe 
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Thofe  which  have  only  the  metalline  fplendour 
and  appearance,  without  malleability,  are  called 
Semi -metals. 

Metals  are  alfo  further  fubdivided  into  two  forts; 
•viz.  Perfect  and  Imperfect  Metals. 

The  Perfect  Metals  are  thofe  which  fuffer  no 
damage  or  change  whatever  by  the  moil  violent 
and  moft  lading  adtion  of  fire. 

'The  Imperfedt  Metals  are  thofe  which  by  the 
force  of  fire  may  be  deprived  of  their  phlogifton^ 
and  consequently  of  their  metalline  form. 

When  but  a moderate  degree  of  fire  is  employed 
to  deprive  a Metal  of  its  phlogifton,  the  metal  is 
faid  to  be  calcined ; and  then  it  appears  in  the  form 
of  a powdered  earth,  which  is  called  a Calx:  and 
this  metalline  calx  being  expofed  to  a more  violent 
degree  of  fire  melts  and  turns  to  glafs. 

Metallic  Subftances  have  an  affinity  with  acids: 
but  not  equally  with  all  $ that  is,  every  Metallic 
Subftance  is  not  capable  of  uniting  and  joining 
with  every  acid. 

When  an  acid  unites  with  a Metallic  Subftance 
there  commonly  arifes  an  ebullition,  attended  with 
a kind  of  hiffing  noife  and  fuming  exhalations.  By 
degrees,  as  the  union  becomes  more  perfedt,  the 
particles  of  the  metal  combining  with  the  acid  be- 
come in vifible:  this  is  termed Dijfolution  \ andwhea 
a metalline  mafs  thus  difappears  in  an  acid,  the 
metal  is  faid  to  be  dijjolved  by  that  acid.  It  is  pro- 
per to  obferve  that  acids  adt  upon  metalline  fub- 
•iftances,  in  one  refpect,  juft  as  they  do  upon  al- 
kalis and  abler  bent  earths:  for  an  acid  cannot  take 
up  above  fuch  a certain  proportion  thereof  as  is 
fufficient  co  laturate  it,  to  deftroy  feveral  of  its  pro- 
perties, and  weaken  others.  For  example,  when 
an  acid  is  combined  with  a metal  to  the  point  of 
fatiiration,.  it  lofes  its  tafte,  does  not  turn  the  blue 
•colour  of  a vegetable  red/  and  its  affinity with  water 
’ 6 ;« 
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is  confiderably  impaired.  On  the  other  hand,  Me- 
talline  Subftances,  which  when  pure  are  incapable 
or  uniting  with  water,  by  being  joined  with  an 
acid  acquire  the  property  of  diffolving  in  water. 
Thefe  combinations  of  Metalline  Subftances  with 
acids  form  different  forts  of  neutral  falts;  fome  of 
which  have  the  property  offfhooting  into  cryftals, 
while  others  have 'it  not:  moll  of  them,  when 
thoroughly  dried,  attract  the  moifture  of  the  air. 

The  affinity  which  Metalline  fubftances  have 
With  acids  is  lefs  than  that  which  ablorbent  earths 
and  fixed  alkalis  have  with  the  fame  acids  : fo  that 
all  metalline  fairs  may  be  decompounded  by  one 
of  thefe  fubftances,  which  will  unite  with  the  acid, 
and  precipitate  the  metal. 

Metalline  Subftances  thus  feparated  from  an 
acid  folvent  are  called  Magifteries , and  Precipitates , 
of  metals.  None  of  theie  precipitates,  except 
thole  of  the  perfect  metals,  retain  the  metalline 
form  : moft  of  their  phlogifton  hath  been  deftroy- 
ed  by  the  folution  and  precipitation,  and  muft  be 
reftored  before  they  can  recover  their  properties. 
In  fhort,  they  are  nearly  in  the  fame  ftate  with 
metalline  fubftances  deprived  of  their  phlogifton 
by  calcination  ; and  accordingly  fuch  a precipitate 
is  called  a Calx. 

A metalline  calx  prepared  in  this  manner  lofes  a 
greater  or  a lefs  portion  of  its  phlogifton,  the 
more  or  lefs  efte&ually  and  thoroughly  the  metal- 
line fubftance,  of  which  it  made  a part,  was  dif- 
folved  by  the  acid. 

Metallic  Subftances  have  affinities  with  each 
other  which  differ  according  to  their  different  kinds : 
but  this  is  not  univerial ; for  fome  of  tllem  are  in- 
capable of  any  fort  of  union  with  fome  others. 

It  muft  be  obferved  that  Metallic  Subftances  will 
not  unite,  except  they  be  both  in  a fimilar  ftate;  that 
is,  both  in  a Metalline  form,  or  both  in  a form 
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of  a Glafs;  for  a metalline  fubftance  retaining  its 
phlogifton  cannot  contradt  an  union  with  anv  me- 
tallic glafs,  even  its  own. 


C H A P.  VII. 

Of  M E T A L S. 

THERE,  are  fix  Metals,  of  which  two  are 
Perfect  and  four  Imperfedh  The  perfedt 
Metals  are  Gold  and  Silver;  the  others  are  Copper, 
Tin,  Lead,  and  Iron.  Some  Chymifts  admit  a 
feventh  Metal,  to  wit,  Quick-filver:  but  as  it  is 
not  malleable,  it  has  been  generally  confidered  as 
a metallic  body  of  a particular  kind.  We  fhall 
foon  have  occafion  to  examine  it  more  minutely. 

The  ancient  Chymifts,  or  rather  the  Alchymifts, 
who  fancied  a certain  relation  or  analogy  between 
Metals  and  the  Heavenly  Bodies,  beftowed  on  the 
feven  Metals,  reckoning  Quick-filver  one  of  them 
the  names  of  the  feven  Planets  of  the  Ancients,  ac- 
cording to  the  affinity  which  they  imagined  they  ob- 
ferved  between  thofefeveral  bodies.  Thus  Gold  was 
called  Sol,  Silver  Luna,  Copper  Venus,  Tin  Jupiter 
Lead  Saturn,  Iron  Mars,  and  Quick-  filv  or  Mercury. 

1 hough  thefe  names  were  affignedfor  reafons  mere- 
ly chimerical,  yet- they  ftill  keep  their  ground  ; fo 
that  it  is  not  uncommon  to  find  the  Metals  called 
ay  t le  names,  and  denoted  by  the  charadters,  of  the 
planets,  in  the  writings  even  of  the  belt  Chymifts. 
Metals  are  the  heavieft  bodies  known  in  nature.  * 


§•  I*  0/Goj,  d. 

G 0 L D IS  the  heavieft  of  all  Metals.  The  arts 
of  wire-drawing  and  gold-beating  Ihevv  its  won- 
WI'  E'  derful 
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derful  duftility.  The  greated  violence  of  fire  is 
not  able  to  produce  any  alteration  in  it.  Indeed 
Mr.  Homberg,  a famous  Chymid,  pretended  that 
he  had  made  this  metal  fume,  and  even  vitrified 
it,  by  expofing  it  to  the  focus  of  one  of  the  belt 
burning  glades,  known  by  the  name  of  the  Lens 
of  the  Palais  Royal:  but  there  are  very  good  rea- 
fons  for  calling  in  queflion  the  experiments  he 
made  on  this  occafion,  or  rather  for  thinking  that 
he  was  quite  midaken.  For, 

1.  No  man  hath  fince  been  able  to  vitrify  Gold, 
though  feveral  good Experimen ters  have afiiduoudy 
tried  to  effedt  it,  by  expofing  it  to  the  focus  of  the 
fame  lens,  and  of  other  burning-glades  dill  ftronger. 

2.  It  hath  been  obferved  that  though  Gold,  when 
expofed  to  the  focus  of  thofe  glades,  did  indeed 
emit  fome  vapours  and  decreafe  in  weight;  yet  thofe 
vapours  being  carefully  collected  on  a piece  of  pa- 
per, proved  to  be  true  Gold,  in  no  degree  vitrified, 
and  which  confequently  had  buffered  no  change  but 
that  of  being  carried  away  by  the  violence  of  the 
heat,  its  nature  not  being  in  the  lead  altered. 

3.  The  fmall  portion  of  vitrified  matter,  which 
was  formed  on  the  arm  that  fupported  the  Gold  in 
Mr.Homberg’s  experiment,  may  have  come  either 
from  the  arm  itfelf,  or  rather  from  fome  heteroge- 
neous particles  contained  in  the  Gold ; for  it  is 
almod  impodible  to  have  it  perfectly  pure. 

4.  , Neither  Mr.  Homberg,  nor  any  that  have 
repeated  his  experiment,  ever  reduced  this  pre- 
tended glafs  of  Gold  by  redoring  its  phlogidon, 
as  is  done  with  other  metallic  glades. 

5.  To  render  the  experiment  decifive,  the  whole 
mafs  of  Gold  employed  ought  to  have  been  vi- 
trified ; which  was  not  the  cafe. 

Neverthelefs  I do  not  pretend  that  this  metal  is 
in  its  own  nature  abfolutely  indedructible,  and  un- 

) vitrifiable : 
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Yitrifiable:  but  there  is  reafon  to  think  that  nobody 
hath  hitherto  found  the  means  of  producing  thole 
effe&b  on  it,  probably  for  want  of  a fufficient  decree 
of  fire  ; at  lead  the  point  is  very  doubtful. 

Gold  cannot  be  diffolved  by  any  pure  acid: 
but  if  the  acid  of  nitre  be  mixed  with  the  acid  of 
fea-falt,  there  refults  a compound  acid  liquor, 
with  which  it  has  fo  great  an  affinity  that  it  is 
capable  of  being  perfectly  diffiolved  thereby.  The 
Chymifts  have  called  this  folvent  Aqua  Regis , on 
account  of  its  being  the  only  acid  that  can  dif- 
folve  Gold,  which  they  confider  as  the  King  of 
Metals.  The  folution  of  Gold  is  of  a beautiful 
orange  colour. 

If  Gold  diffiolved  in  aqua  regis  be  precipitated 
by  an  alkali  or  an  abforbent  earth,  the  precipitate 
gently  dried,  and  then  expofed  to  a certain  degree 
of  heat,  is  inftantly  difperfed  into  the  air,  with 
a moll  violent  explofion  and  noife:  Gold  thus 
precipitated  is  therefore  called  Aurum  Fulminans . 
But  if  the  precipitated  Gold  be  carefully  waffied 
in  plenty  of  water,  fo  as  to  clear  it  of  all  the  ad- 
hering faline  particles,  it  will  not  fulminate;  but 
may  be  melted  in  a crucible  without  any  addita- 
ment,  and  will  then  appear  in  its  ufual  form.  The 
■acid  of  vitriol  being  poured  on  aurum  fulminans 
likewife  deprives  it  of  its  fulminating  quality. 

Gold  does  not  begin  to  flow  till  it  be  red-hot 
like  a live  coal.  Though  it  be  the  moft  malle- 
abie  and  moft  duftile  of  all  metals,  it  has  the 
lingular  property  of  lofing  its  dudility  more  eafily 
than  any  of  them  : even  the  fumes  of  charcoal  are 
Sufficient  to  deprive  it  thereof,  if  they  come  in 
contact  with  it  while  it  is  in  fufion. 

,,  The  malleability  of  this  metal,  and  indeed  of  all 
the  reft,  is  ai  fo  conflderably  diminilhed  by  expo- 
fing  it  fuddenly  to  cold  when  it  is  red-hot ; for 

E * example. 
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example,  by  quenching  it  in  water,  or  even  barely 
expofing  it  to  the  cold  air. 

The  way  to  reftore  duality  to  Gold,  when  loft 
by  its  coining  in  contact  with  the  vapour  of  coals; 
and  in  general  to  any  metal  rendered  lefs  malleable 
by  being  fuddelily  cooled,  is  to  heat  it  again,  to 
keep  it  rfcd-hot  a confiderable  time,  and  then  to 
let  it  Cool  very  (lowly  and  gradually  ; this  opera- 
tion frequently  repeated  will  by  degrees  much  in- 
creafe  the  malleability  of  a metal. 

Pure  fulphur  hath  no  effed  on  Gold;  but  being 
combined  with  an  alkali  into  a hepay.fulprjwiS)  it 
unites  therewith  very  readily.  Nay,  fo  intimate  is 
their  union,  that  the  Gold  by  means  chereof  becomes 
jfoluble  in  water;  and  this  new  compound  of  Gold 
and  liver  of  fulphur,  being  dilfolved  in  water,  will 
pafs  through  the  pores  of  brown  paper  without 
fuffering  any  decornpofition;  which  does  not  hap- 
pen, at  leaft  in  fuch  a manifeft  degree,  to  other 
metallic  fubftances  diffolved  by  liver  of  fulphur. 

Aur'um  fulminans  mixed  and  melted  with  flower 
of  fulphur  lofes  its  fulminating  quality -.  which 
arifes  from  hence,  that  on  this  occafion  the  iulphur 
burns,  and  its  acid,  which  is  tne  lame  with  the 
vitriolic,  being  thereby  fet  at  liberty  becomes  ca- 
pable of  acting  upon  the  Gold  as  a vitriolic  acid 
would;  which,  as  was  laid  above,  depnves  the 
Gold  of  its  fulminating  quality. 

II.  Of  Silver. 

Next  to  Gold,  Silver  is  the  mod  perfed  metal. 
Like  Gold  it  refills  the  utmoft  violence  of  fire,  even 
that  in  the  focus  of  a burning-glafs.  However  it 
holds  only  thefecond  place  among  metals;  becaufe 
it  is  lighter  than  Gold  by  almoft  one  half ; is  alfo 
fomewhat  lefs  dudile;  and  laftly,  bee  aide  it  is 
aded  upon  by  a greater  number  of  folvents. 
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Yet  Silver  hath  one  advantage  over  Gold, 
namely  that  of  being  a little  harder ; which  makes 
it  alfo  more  fonorous. 

This  metal,  like  Gold,  begins  to  flow  when  it 
is  fo  thoroughly  penetrated  by  the  fire  as  to  appear 
ignited  like  a live  coal. 

While  this  metal  is  in  fufion,  the  immediate 
contact  of  the  vapour  of  burning- coals  deprives  it 
almoft  entirely  of  its  malleability,  in  the  fame 
manner  as  we  obferved  happens  to  Gold  : but  both 
thefe  metals  eafily  recover  that  property  by  being 
melted  with  nitre. 

The  nitrous  acid  is  the  true  folvent  of  Silver, 
and  being  fomewhat  dephlegmated  will  very  readily 
and  eafily  take  up  a quantity  of  Silver  equal  in 
weight  to  itfelf. 

Silver  thus  combined  with  the  nitrous  acid. forms 
a metallic  fait  which  fhoots  into  cryftals,  called  by 
the  name  of  Lunar  Cryftals , or  Cryftals  of  Silver . 

Thefe  cryftals  are  moft  violently  cauftic:  ap^ 
plied  to  the  flcin  they  quickly  affect  it  much  as  a 
live  coal  would;  they  produce  a blackifh  efchar, 
corroding  and  entirely  deftroying  the  parts  they 
touch.  Surgeons  ufe  them  to  eat  away  the  proud 
fungous  flefti  of  ulcers.  As  Silver  united  with  the 
nitrous  acid  hath  the  property  of  blackening  all 
animal  iubftances,  a folution  of  this  metallic  fait 
is  employed  to  dye  hair,  or  other  animal  matters, 
of  a beautiful  and  durable  black. 

Thefe  cryftals  flow  with  a very  moderate  heat, 
and  even  before  they  grow  red.  Being  thus  melted 
they  form  a blackilh  mafs;  and  in  this  form  they 
are  ufed  by  Surgeons,  under  the  title  of  Lapis  In - 
fernalis , Infernal  Slone , or  Lunar  Cauftic. 

Silver  is  alio  diflolved  by  the- vitriolic  acid : but 
then  the  acidmuft  be  concentrated,  and  in  quantity 
double  the  weight  of  the  Silver;  nor  will  the  folu- 
tion iucceed  without  aeonfiderable  degree  of  heat. 

E 3 Spirit 
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Spirit  of  fait  and  aqua  regis , as  well  as  the  other 
acids,  are  incapable  of  diffolving  this  metal  j at 
lead:  in  the  ordinary  way. 

Though  Silver  be  not  foluble  in  the  acid  of  fea- 
falt,  nor  eafily  in  the  acid  of  vitriol,  as  hath  juft 
been  obferved,  it  doth  not  follow  that  it  hath  but 
a weak  affinity  with  the  latter,  and  none  at  all 
with  the  former : on  the  contrary,  it  appears  from 
experiment  that  it  hath  with  thefe  two  acids  a 
much  greater  affinity  than  with  the  acid  of  nitre  : 
which  is  lingular  enough,  confidering  the  facility 
with  which  this  laft  acid  dilfolves  it. 

The  experiment  which  proves  the  facft,  is  this. 
To  a folution  of  Silver  in  the  nitrous  acid,  add 
the  acid  either  of  vitriol  or  of  fea-falt,  and  the 
Silver  will  inftantly  quit  its  nitrous  folvent  to  join 
with  the  fuperadded  acid. 

Silver  thus  united  with  the  vitriolic  or  the  ma- 
rine acid  is  lefs  foluble  in  water  than  when  com- 
bined with  the  nitrous  acid:  and  for  this  reafon  it 
is,  that  when  either  of  thefe  two  acids  is  added  to 
a folution  of  Silver,  the  liquor  immediately  be- 
comes white,  and  a precipitate  is  formed,  which 
is  no  other  than  the  Silver  united  with  the  precipi- 
tating acid.  If  the  precipitation  be  effected  by 
the  vitriolic  acid,  the  precipitate  will  difappear 
upon  adding  a fufficient  quantity  of  water,  becaufe 
there  will  then  be  water  enough  to  diffolve  it. 
But  the  cafe  is  not  the  fame  when  the  precipitation 
is  made  by  the  marine  acid  : for  Silver  combined 
therewith  is  fcarce  foluble  in  water. 

This  Precipitate  of  Silver  procured  by  means  of 
the  marine  acid  is  very  eafily  fufed,  and  when 
fufed  changes  to  a fubftance  in  fome  meafure  tran- 
fparent  and  flexible  j which  hath  occafioned  it  to  be 
called  by  the  name  of  Luna  Cornea.  If  it  be  pro- 
pofed  to  decompound  this  luna  cornea , that  is,  to 
feparate  the  marine  acid  from  the  Silver  with  which 
% it 
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it  is  united,  the  luna  cornea  muft  be  melted  along 
wirh  fatty  and  abforbent  matters,  with  which  the 
acid  will  unite,  and  leave  the  metal  exceeding  pure. 

It  muft  be  obferved  that  if,  in  fee  ad  of  the  marine 
acid,  fea-falt  in  fubftance  be  added  to  a folucion 
of  Silver  in  the  nitrous  acid,  a Precipitate  is  alfo 
produced,  which  by  fufion  appears  to  be  a true  luna 
cornea.  The  reafon  is,  that  the  fea-lalt  is  decom- 
pofed  by  the  nitrous  acid,  which  feizes  its  bafts, 
as  having  a greater  affinity  therewith  than  its  own 
acid  hath;  and  this  acid  being  confequently  dif- 
engaged  and  fet  at  liberty  unites  with  the  Silver, 
which,  as  has  been  ffiewn,  has  a greater  affinity 
with  it  than  with  the  nitrous  acid.  This  is  an  in- 
ftance  of  decompofition  effected  by  means  of  one 
of  thofe  double  affinities  mentioned  by  us  in  our 
feventh  propofition  concerning  Affinities. 

From  what  hath  been  already  faid  it  is  clear, 
that  all  rhefe  combinations  of  Silver  with  acids  may 
be  decompounded  by  abforbent  earths,  and  by  fixed 
alkalis;  it  being  a general  law  with  regard  to  all 
metallic  fubftances.  We  (hall  not  therefore  repeat 
this  obfervation  when  we  come  to  treat  of  the  other 
metals  ; unlefs  fome  particular  occafion  require  it. 

W'ith  regard  to  Silver  I muft  take  notice  that, 
when  feparated  by  thefe  means  from  the  acids  in 
which  it  was  diffoJved,  it  requires  nothing  but 
funple  fufion  to  reftore  it  to  its  ufual  form;  be- 
caule  it  does  not,  any  more  than  Gold,  lofe  its 
phlogifton  by  thofe  folutions  and  precipitations. 

Silver  unites  with  fulphur  in  fufion.  If  this 
metal  be  only  made  red-hot  in  a crucible,  and 
iulphur  be-then  added,  it  immediately  flows;  the 
fulphur  adding  as  a flux  to  it.  Silver  thus  united 
with  fulphur  forms  a mafs  that  may  be  cut,  is 
half  malleable,  and  hath  nearly  the  colour  and 
confidence  of  Lead.  If  this  fulphurated  Silver  be 
kept  a long  time  in  fufion,  and  in  a great  degree 
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of  heat,  the  fulpnnr  {lies  off* and  leaves  the  Silver 
pure.  But  if  the  fulphur  be  evaporated  by  a vio- 
lent heat,  it  carries  off  with  it  part  of  the  Silver. 

Silver  unites  and  mixes  perfectly  with  Gold  in 
fufidn.  The  two  metals  thus  mixed  form  a com- 
pound with  properties  partaking  of  both. 

Metallurgiffs  have  hitherto  fought  in  vain  for  a 
perfectly  good  and  eafy  method  of  feparating  thefe 
two  metals  by  the  dry  way  only  : (this  term  is  ufed 
to  llgnify  all  operations  performed  by  fufion  :)  but 
they  are  conveniently  enough  parted  by  the  moifi 
way,  that  is,  by  acid  folvents*  This  method  is 
founded  on  the  above-mentioned  properties  of 
Gold  and  Silver  with  refpedt  to  acids.  It  hath 
been  IlieVvn  that  aqua  regis  only  will  diffolve 
Gold  ; that  Silver,  on  the  contrary,  is  not  foluble 
by  aqua  re'gis,  and  that  its  proper  folvent  is  the 
acid  of  nitre  : confequently,  when  Gold  and  Silver 
are  mixed  together,  if  the  compound  mafs  be  put 
into  aqua  fortis , this  acid  will  take  up  all  the 
Silver,  without  diffolving  a particle  of  the  Gold, 
which  will  therefore  remain  pure  ; and  by  this 
means  the  defired  leparation  is  effedted.  This  me- 
thod, which  is  commonly  made  ufe  of  by  Gold- 
imiths  and  in  Mints,  is  called  the  Parting  Ptff ay . 

It  is  plain  that  if  aqua  regis  were  employed  in- 
ftead  of  aqua  fortis ,'  the  feparation  would  be 
equally  effected  ; and  that  the  only  difference  be- 
tween this  procefs  and  the  former  would  confift 
in  this,  that  now  the  Gold  would  be  diffolved, 
and  the  Silver  remain  pure.  But  the  operation 
by  aqua  fortis  is  preferable ; becaufe  aqua  regis 
does 'take  up  a little  Silver,  whereas  aqua  fortis 
hath  not  the  leaff  effedt  on  Gold. 

It  muff  be  obferved  that  when  Gold  and  Silver 
are  mixed  together  in  equal  parts  they  cannot  be 
parted  by  the  means  of  aqua  fortis.  To  enable 
the  aqua  fortis  to  a£t  duly  on  the  Silver,  this  metal 

muff; 
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rhuft  be,  at  lead,  in  a triple  proportion  to  the 
Gold.  If  it  be  in  a lefs  proportion,  you  muft 
either  employ  aqua  re.gis  to  make  the  reparation, 
or,  if  you  prefer  the  ufe  of  aqua  fortis , melt  the 
metalline  mafs,  and  add  as  much  Silver  as  is  necefr 
fary  to  make  up  the  proportion  above-mentioned; 
and  hence  this  Procefs  is  calfed  ghiartation. 

1 his  efred:,  which  is  pretty  fingular,  probably 
ariles  from  hence,  that  when  the  Gold  exceeds  or 
even  equals  the  Silver  in  quantity,  the  parts  of 
both  being  intimately  united,  the  former  are 
capable  of  coating  over  the  latter,  and  coverino- 
them  fo  as  to  defend  them  from  the  addon  of  the 
aqua  fortis ; which  is  not  the  cafe  when  there  is 
thrice  as -much  Silver  as  Gold. 

There  is  one  thing  more  to  be  taken  notice  of 
with  regard  to  this  procefs;  which  is,  that  perfectly 
pure  aquafortis  is  rarely  to  be  met  with,  for  two 
redons ; firft,  it  is  difficult  in  making  it  wholly 
to  preyenc  the  rifing  of  the  medium  employed  to 
di  fen  gage  the  nitrous  acid;  that  is,  a little  of 
the  viti  lolic  acid  will  mix  with  the  vapours  of 
the  aqua  fortis : fecondly,  unlefs  the  faltpetre  be 
vei>  well  purified  it  will  always  hold  fome  fmall 

portion  of  fea-falt,  the  acid  of  which,  we  know,  is 

very  readily  fet  loofe  by  the  vitriolic  acid,  and  c^n- 
fequentiy  rifes  together  v/ith  the  vapours  of  the 

7dt/htls'-  A18  eafy  co  fee  that  *tua  f°rtis  mix- 

ed  e her  with  the  one  or  the  other  is  not  proper 
ror  the  Parting  Procefs;  becaufe,  as  has  jud  been 
f?id,  the  vitriolic  and  the  marine  acid  equally  p 2 
opi  ate  Sdver  diffiolved  in  the  nitrous  acidf  by 

thev  nTanS>  W ]fn  thcy  are  llnited  with  tha t acid 
hey  weaken  its  adion  upon  the  Silver,  and  hinder 

and  'onfequemly  is  tc.deKd^pqbl^of 
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difiblving  Gold,  in  proportion  as  its  action  upon 
Silver  is  diminished. 

In  order  to  remedy  this  inconvenience,  and  free 
Aqua  forth  from  the  vitriolic  or  marine  acid  with 
which  it  is  tainted.  Silver  mull  be  diflcilved  there- 
in : by  degrees  as  the  metal  diffoives,  thofe  hetero- 
geneous acids  lay  hold  of  it,  and  precipitate  with 
it  in  the  form  of  a white  powder,  as  we  obferved 
before.  This  precipitate  being  wholly  fallen,  the 
liquor  grows  clear  j after  which,  if  it  be  found 
capable  of  diffolving  more  Silver,  without  turning 
milky,  it  may  be  depended  on  as  a perfectly  pure 
aquafortis.  Then  filtre  it,  diffolve  more  Silver 
in  it,  as  long  as  it  will  take  up  any,  and  you  will 
have  a folution  of  Silver  in  a very  pure  aqua  fortis . 
By  means  of  this  folution  may  other  aqua  for tis  be 
purified  : for  pour  a few  drops  thereof  into  a very 
impure  aqua  fortis , and  immediately  the  vitriolic 
or  marine  acid,  with  which  that  aqua  fortis  is  con- 
taminated, will  join  the  Silver  and  fall  therewith 
to  the  bottom.  When  the  folution  of  Silver  pre- 
pared as  above  does  not  in  the  leaf!:  affedt  the 
tranfparency  of  the  aqua  fortis , it  is  then  very 
pure,  and  fit  for  the  purpofes  of  Quartation. 

This  operation  of  purifying  aqua  fortis  by  a 
folution  of  Silver  is  called  the  Precipitation  of  aqua 
fortis  and  aqua  fortis  thus  purified  is  called  Pre- 
cipitated Aqua  Fortis.  , 

When  Silver  is  dilfolved  in  aqua  fortis  it  may 
be  feparated  therefrom,  as  hath  been  fhewn,  by 
abforbent  earths  and  fixed  alkalis. 

We  fli all  fee  by  and  by  that  there  are  other . 
means  of  effecting  this:  but  whatever  way  it  be 
feparated  from  its  folvent  it  recovers  its  metalline 
form,  as  Gold  does,  by  being  fimply  fuled  with- 
out any  addirament. 

§.  III. 

\ . * 
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" §•  HI.  Of  Copper. 

Of  all  the  imperfect  metals  Copper  comes  the 
neareft  to  Gold  and  Silver.  Its  natural  colour  is 
a deep  red  yellow.  It  refills  a very  violent  decree 
of  fire  for  a confiderable  time ; but  lofing  its  phlo- 
gifton  atlaft,  it  changes  its  metalline  form  for  that 
of  a calx,  or  a pure  reddifh  earth.  This  calx  is 
hardly,  if  at  all,  reducible  to  glafs,  without  the  ad- 
dition offomething  to  promote  its  fufion  ; all  that 
the  fierceft  heat  can  do  being  only  to  render  it  foft. 
Copper,  even  while  it  retains  its  metalline  form* 
and  is  very  pure,  requires  a confiderable  degree  of' 
hre  to  melt  it,  and  does  not  begin  to  flow  till  loner 
after  it  is  red-hot.  When  in  fufion  it  communi- 
cates  a green  ifh  colour  to  the  flame  of  the  coals. 

This  metal  is  inferior  to  Silver  in  point  of  Gra- 
vity • nor  is  its  dudility  fo  great,  thouo-h  i°  be 
pi etty  confiderable  : out,  on  the  other  hand  it 
exceeds  that  metal  in  hardnpfs.  It  unites  readily 
with  Gold  and  Silver;  nor  does  it  greatly  leffen 
their  beauty  when  added  to  them  in  a fmall  quan- 
tity: nay,  it  even  procures  them  fome  advantages  - 
iuch  as  hnakmg  them  harder,  and  Jefs  fubjed  to 
lofe  their  dudility,  of  which  thole  metals  are  of- 
ten  liable  to  be  deprived,  by  the  mixture  of  the 
Ima  left  heterogeneous  particle.  This  may  pro- 
bably anfe  from  hence,  that  the  dudility  of  Cop- 
per has  the  peculiarity  of  refilling  mod  of  thofe 
caules  which  rob  the  perfed  metals  of  theirs 

I he  property,  which  other  metalline  fubftances 

^°PPer>  of  lofing  the  phlo- 
gifton  by  calcining  and  then  vitrifying,  furniflies 

.andWsla  mCt  ‘°d  feP“*ring  them'from  Gold 

Nnrhi  Ver'  W^Cn  tlC^  are  comkined  therewith 
Nothing  more  is  required  than  to  expofe  the  m ifs 

compounded  of  the  perfed  metals  and  other  me- 
talline 
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talline  fubftances  to  a degree  of  heat  fufficient  to 
calcine  whatever  is  not  either  Gold  or  Silver,  It 
is  evident  that  by  this  means  the  be  two  metals  will 
be  obtained  as  pure  as  ispoffible;  for,  as  hath 
already  been  faid,  no  metalline  calx  or  glafs  is 
capable  of  uniting  with  metals  poffiffed  of  their 
phlogifton.  On  this  principle  is  formed  the  whole 
bufinefs  of  refining  Gold  and  Silver, 

When  the  perfect  metals  have  no  other  alloy 
but  Copper,  as  this  metal  is  not  to  be  calcined  or 
vitrified  without  great  difficulty,  which  is  increafed 
by  its  union  with  the  unvitrifiable  metals,  it  is 
eafy  to  fee  that  it  is  almoft  impoffible  to  feparate 
them  without  adding  fomething  to  facilitate  the 
vitrification  of  the  Copper.  Such  metals  as  have 
the  property  of  turning  eafily  to  glafs  are  very  fit 
for  this  purpofe  ; and  it  is  neceffary  to  add  a cer- 
tain quantity  thereof,  when  Gold  or  Silver  is  to. 
be  purified  from  the  alloy  of  Copper.  We  ffiall 
have  occafion  to  be  more  particular  on  this  fub~ 
jedl  when  we  come  to  treat  of  lead. 

Copper  is  foluble  in  all  the  acids,  to  which  it 
communicates  a green  colour,  and  fometimes  a 
blue.  Even  the  neutral  falts,  and  water  itfelf, 
a£t  upon  this  metal.  With  regard  to  water  inr 
deed,  as  the  procuring  it  abfolutely  pure  and  free 
from  any  faline  mixture  is  next  to  an  impoffibility, 
it  remains  a queftion  whether  theeffed  it  produces 
on  Copper  be  not  owing  to  certain  faline  particles 
contained  in  it.  It  is  this  great  facility  of  being 
dilfolved  that  renders  Copper  fo  fubjedl  to  rutt* 
which  is  nothing  die  butfome  parts  of  its  lurface 
corroded  by  faline  particles  contained  in  the  fur- 
rounding air  and  water. 

The  ruft  of  Copper  is  always  green  or  blue,  or 
of  a colour  between  thefe  two.  Internally  ufed  it 
is  very  noxious,  being  a real  poifon,  as  are  all  the 
folutions*of  this  metal  made  by  any  acid  whatever. 

The 
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The  blue  colour,  which  Copper  conftantly  affumes 
when  corroded  by  any  faline  fubftance,  is  a fure 
fign  by  which  it  may  be  difcovered  wherever  it 
exifts,  even  in  a very  fmall  quantity. 

Copper  diffolved  in  the  vitriolic  acid  forms  a 
kind  of  metalline  fait,  which  fhoots  into  rhom- 
boidal  cryftals  of  a moft  beautiful  blue  colour. 
Thele  cryfrals  are  called  Blue  Vitriol , ox  Vitriol  of 
Copper.  They  are  fometimes  found  ready  formed 
in  the  bowels  of  the  earth;  and  may  be  artificially 
made  by  diffolving  Copper  in  the  vitriolic  acid; 
but  the  folution  will  not  fucceed  unlefs  the  acid 
be  well  dephlegmated.  The  tafte  of  this  vitriol 
is  faltifh  and  aftringent.  It  retains  a confiderable 
quantity  of  water  in  cryftallizing,  on  which  ac- 
count it  is  eafily  rendered  fluid  by  fire. 

It  mult  be  obferved  that,  when  it  is  expofed  to 
a certain  degree  of  heat  in  order  to  free  it  of  its 
humidity,  a great  part  of  its  acid  flies  off  at  the 
fame  time  : and  hence  it  is  that,  after  calcination, 
there  remains  only  a kind  of  earth,  or  metalline 
calx,  of  a red  colour,  which  contains  but  very 
litJe  acid.  This  earth  cannot  be  brought  to  flow 
but  with  the  greateft  difficulty. 

A folution  of  copper  in  the  nitrous  acid  forms 
a fait  which  does  not  cryfcallize,  but,  when  dried, 
powerfully  attra&s  the  moifture  of  the  air.  Th,e 
fame  thing,  happens  when  it  is  diffblved  in  fpirit 
of  fait,  or  i n nqua  regis. 

If  the  Copper  thus  diflblved  by  any  of  thefe  acids 
be  precipitated  by  an  earth  or  an  alkali,  -it  retains 
nearly  the  colour  it  had  in  the  folution  : but  thefe 
precipitates  are  fcarce  any  thing  more  than  the 
earth  of  Copper,  or  Copper  deprived  of  moft  of 
its  phlogifton ; fo  that  if  they  were  expofed  to*a 
violent  fire,  without-  any  additament,  a great  pare 
of  them  would  be  converted  into  an  earth  that 
could  never  be  reduced  to  a metalline  form. 

There- 
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Thei  efore,  when  we  intend  to  reduce  thefe  preci- 
pitates to  Copper,  it  is  neceflary  to  add  a certain 
quantity  of  a fubftance  capable  of  reftorino-  to 
them  the  phlogifton  they  have  loft. 

The  fubftance  which  hath  been  found  fitteft  for 
iuch  reductions  is  charcoal-duft  ; becaufe  charcoal 
is  nothing  butxa  phlogifton  clofely  combined  with 
aneaith,  which  renders  it  exceedingly  fixed,  and 
capable  of  refilling  a violent  force  of  fire.  But 
as  chaicoal  will  not  melt,  and  confequently  is 
capable  of  preventing  rather  than  forwarding  the 
flux  of  a metalline  calx  or  glafs,  which  neverthe- 
lefs  is  eftentially  neceflary  to  complete  .the  re- 
duction, it  hath  been  contrived  to  mix  it,  or  any 
other  iubftance  containing  the  phlogifton,  with 
fuch  fixed  alkalis  as  eafily  flow,  and  are  fit  to  pro- 
mote the  flux  of  other  bodies.  Thefe  mixtures 
are  called  Reducing  Fluxes ; becaufe  the  general 
name  of  Fluxes  is  given  to  all  falts,  or  mixtures 
of  falts,  which  facilitate  fufion. 

If  Sulphur  be  applied  to  Copper  made  perfectly 
red-hot,  the  metal  immediately  runs;  and  thefe 
two  fubftances  uniting  form  a new  compound 
much  more  fufible  than  pure  Copper. 

This  compound  is  deftroyed  by  the  foie  force 
of  fire,  for  two  reafons : the  firft  is,  that,  fulphur 
being  volatile,  the  fire  is  capable  of  fubliming  a 
great  part  of  it,  efpecially  when  it  is  in  a great 
proportion  to  the  Copper  with  which  it  is  joined; 
the  fecond  is,  that  the’ portion  of  fulphur  which 
remains,  being  more  intimately  united  with  the 
Copper,  though  it  be  rendered  lefs  combuftible 
by  that  union,  is  neverthelels  burnt  and  confumed 
in  time.  Copper  being  combined  with  fulphur, 
and  together  with  it  expofed  to  the  force  of  fire, 
is  found  to  be  partly  changed  into  a blue  vitriol ; 
becaufe  the  vitriolic  acid,  being  difengaged  by 
burning  th§  fulphur,  is  by  that  means  qualified 
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to  diffolve  the  Copper.  The  affinity  of  Copper 
with  fulphur  is  greater  than  that  of  Sil  ver. 

This  metal,  as  well  as  the  other  impeded  metals 
and  the  femi-metals,  being  mingled  with  nitre 
and  expofed  to  the  Are,  is  decompofed  and  calcin- 
ed much  fooner  than  by  itfelf ; becaufe  the  phlo- 
gifton which  it  contains  occafions  the  deflagration 
of  the  nitre,  and  confequently  the  two  fubftances 
mutually  decompole  each  other.  There  are  cer- 
tain metalline  fubftances  whofe  phlogifton  is  fo 
abundant,  and  lo  weakly  connected  with  their 
earth,  that  when  they  are  thus  treated  with  nitre, 
there  ariles  immediately  a detonation,  accompanied 
with  flame,  and  as  violent  as  if  fuiphur  or  char- 
coal-duft  had  been  employed ; fo  that  in  a mo- 
ment the  metalline  fubftance  lofes  its  phlogifton, 
and  is  calcined.  The  nitre,  after  thefe  detona- 
tions, always  aHumes  an  alkaline  charader. 


§.  IV.  Of  Iron. 

, Iron  is  lighter  and  lefs  dudile  than  Copper; 
but  it  is  much  harder,  and  of  more  difficult  fufion. 

It  is  the  only  body'that  has  the  property  of  be- 
ing attraded  by  the  magnet,  which  therefore  ferves 
to  difcover  it  wherever**  is.  But  it  muft  be  ob- 
ferved  that  it  hath  this  property  only  when  in  its 
metalline  ftate,  and  lofes  it  when  converted  to*  an 
eartn  or  calx.  Hence  very  few  Iron-ores  are  at- 
traded  by  the  load-ftone;  becaufe,  for  the  moft 
part,  they  are  only  forts  of  earths,  which  require 
a phlogifton  to  be  added  before  they  can  be 
brought  to  the  form  of  true  Iron. 

When  Iron  hath  undergone  no  other  prepara- 
tion but  the  fufion  which  is  neceftary  to  fmelt  it 
rom  its  ore,  it  is  ufually  quite  brittle,  and  flies 
to  pieces  under  the  hammer  : which  ariles  in  fome 
mealure  from  its  containing  a certain  portion  of 

unme- 


6 4 Elements  of  the 

unmetallic  earth  interpofed  between  its  parts. 
This  we  call  Pig  Iron * 

By  melting  this  a fecond  time  it  is  rendered 
purer,  and  more  free  from  heterogeneous  mat- 
ters : but  (till,  as  its  proper  parts  are  probably 
not  brought  fufficiently  near,  or  clofely  enough 
united,  till  the  Iron  hath  undergone  fome  further 
preparation  befides  that  of  fufion,  it  feldom  hath 
any  degree  of  malleability. 

The  way  to  give  it  this  property  is  to  make  it 
juft  red  hot,  and  then  hammer  it  for  fome  time 
in  all  directions ; to  the  end  that  its  parts  may  be 
, properly  united,  incorporated,  and  welded  to- 
gether, and  that  the  heterogeneous  matters  which 
keep  them  afunder  may  be  feparated.  Iron  made 
by  this  means  as  malleable  as  poftible  we  call  Bar 
Iron , or  Forged  Iron. 

Bar  Iron  is  ftill  harder  to  fufe  than  Pig  Iron: 
to  make  it  flow  requires  the  utmoft  force  of  fire. 

Iron  has  the  property  of  imbibing  a greater 
quantity  of  phlogifton  than  is  neceftary  to  give  it 
the  metalline  form.  It  may  be  made  to  take  in 
this  fuperabundant  phlogifton  two  ways : the  firft 
is  by  fufing  it  again  with  matters  that  contain  the 
phlogifton  j the  fecond  is,  by  encompafllng  it 
with  a quantity  of  fuch  matters,  charcoal-duft  for 
inftance,  and  then  expofing  it  fo  encompafled,  for 
a certain  time,  to  a degree  of  fire  barely  fufficient 
to  keep  it  red-hot.  This  fecond  method,  where- 
by one  fubftance  is  incorporated  with  another  by 
means  of  fire,  but  without  fufing  cither  of  them* 
is  in  general  called  Cementation. 

Iron  thus  impregnated  with  an  additional  quan- 
tity of  phlogifton  is  called  Steel.  The  hardnefs  of 
Steel  may  be  confiderably  augmented  by  tempering 
it;  that  is,  by  making  it  red-hot,  and  fuddenly 
quenching  it  in  fome  cold  liquor.  The  hotter  the 
'metal,  and  the  colder  the  liquor  in  *hich  it  is 
i v quenched. 
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quenched,  the  harder  will  the  Steel  be.  By  this 
means  tools  are  made,  fuch  as  files  and  fbeers 
capable  of  cutting  and  dividing  the  hardeft  bodies* 
as  giafs,  pebbles,  and  Iron  itfelf.  The  colour  of 
Steel  is  darker  than  that  of  Iron,  and  the  facets 
which  appear  on  breaking  it  are  fmaller,  It  is 
alfo  lefs  ductile  and  more  brittle,  efpecially  when 
tempered. 

As  Iron  may  be  impregnated  with  an  additional 
quantity  of  phlogifton,  and  thereby  converted  into 
Steel,  lo  may  Steel  be  again  deprived  of  that  fuper- 
abundant  phlogifton,  and  brought  back  to  the  con- 
dition of  Iron.  This  is  effedted  by  cernentino-  it 
with  poor  earths,  fuch  as  calcined  bones  and  chalk. 
By  the  fame  operation  Steel  may  be  untempefed : 
nay,  it  will  lofe  the  hardnefs  it  had  acquired  by- 
tempering,  if  it  be  but  made  red-hot,  and  left  to 
cool  gradually.  As  Iron  and  Steel  differ  onlv  in 
the  relpefts  we  have  here  taken  notice  of,  their 
properties  being  in  all  other  refpecfts  the  fame 
what  follows  is  equally  applicable  to  both. 

. Iron  bcing  expofed  to  the  addon  of  fire  for  fome 
nme,  eipecially  when  divided  into  fmall  particles 
luch  as  filings,  is  calcined  and  lofes  its  phlogifton! 
tiy  this  means  it  turns  to  a kind  of  reddifh  yellow 
earth,  which  on  account  of  its  colour  is  called 
Crocus.  Martis,  or  Saffron  of  Mars. 

This  calx  of  Iron  has  the  fmgular  property  of 
flowing  in  the  fire  with  fomewhat  lefs  difficulty 
ian  Iron  itfelf;  whereas  every  other  metalline 
calx  flows  with  lefs  eafe  than  the  metal  that  pro- 
duced it.  It  has  moreover  the  remarkable  pro- 
perty  of  uniting  with  the  phlogifton,  and  of  beino- 
reduced  to  Iron  without  fufion ; requiring  for  that 
purpoie  only  to  be  made  red-hot. 

wit  ™GoTi'yhbe  inC0rpO/atedwith  Silver,  and  even 
t Gold,  by  means  of  certain  operations.  Under 
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the  article  of  Lead  we  ilia  . . , >w  it  may  be  fe* 
parated  from  thefe  metals. 

The  acids  produce  on  it  much  the  fame  effects 
as  on  Copper:  every  one  of  them  adts  upon  it. 
Certain  neutral  falts,  alkalis,  and  even  water  itfelf, 
are  capable  of  diffolving  it;  and  hence  it  is  alfo  very 
fubjedt  to  ruft.  The  vitriolic  acid  diffolves  it  with 
the  greateft  eafe  : but  the  circumftances  which  at- 
tend the  folution  thereof  are  different  from  thofe 
with  which  the  fame  acid  diffolves  Copper  : for, 
I.  whereas  the  vitriolic  acid  muft  be  concentrated 
to  difiolve  Copper,  it  muff  on  the  contrary  be  di- 
luted with  water  to  difiolve  Iron,  which  it  will  not 
touch  when  well  dephlegmated.  2.  The  vapours 
which  rife  in  this  dififolution  are  inflammable;  fo 
that  if  it  be  made  in  a fmall-necked  bottle,  and 
the  flame  of  a candle  be  applied  to  the  mouth 
thereof,  the  vapours  in  the  bottle  take  fire  with 
fuch  rapidity  as  to  produce  a confiderable  explofion. 

This  folution  is  of  a beautiful  green  colour;  and 
from  this  union  of  the  vitriolic  acid  with  Iron  there 
refults  a neutral  metalline  fait,  which  has  the  pro- 
perty of  ihooting  into  cryftals  of  a rhomboidal 
figure,  and  a green  colour.  Thefe  cryftals  are 
called  Green  Vitriol , Vitriol  of  Mars,  and  Copperas. 

Green  Vitriol  hath  afaltifti  and  aftringent  tafte. 
As  it  retains  a great  deal  of  water,  in  cryftallizing 
it  quickly  flows  by  the  adtion  of  fire : but  this 
fluidity  is  owing  to  its  water  only,  and  is  not  a real 
fufion  ; for  as  foon  as  its  moifture  is  evaporated,  it 
refumes  a folid  form.  Its  green  tranfparent  colour 
is  now  changed  into  an  opaque  white:  and,  if 
the  calcination  be  continued,  its  acid  alfo  exhales 
and  is  diflipated  in  vapours ; and  as  it  lofes  that, 
it  turns  gradually  to  a yellow  colour,  which  comes 
jo  much  the  nearer  to  a red  the  longer  the  calci- 
nation is  continued,  or  the  higher  the  force  of  the 
fire  is  railed;  which  being  driven  to  the  utmoft, 
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what  remains  is  of  a very  deep  red.  This  re- 
mainder is  nothing  but  the  body  of  the  Iron,  which 
having  loft  its  phlogifton  is  now  no  more  than  an 
earth,  nearly  of  the  fame  nature  with  that  which 
is  left  after  calcining  the  metal  itfelf. 

Green  Vitriol  diftolved  in  water  fpontaneoufly 
lets  fall  a yellowifh  earthy  fed  i men  t.  If  this  folution 
be  defecated  by  filtration,  it  ftill  continues  to  depo- 
fite  fome  of  the  fame  fubftance,  till  the  vitriol  be 
wholly  decompofed.  This  fediment  is  nothing 
but  the  earth  of  Iron,  which  is  then  called  Ochre. 

The  nitrous  acid  diffolves  Iron  with  great  eafe. 
This  folution  is  of  a yellow  colour,  inclining  more 
or  lefs  to  a ruffe t,  or  dark-brown,  as  it  is  more 
or  lefs  faturated  with  Iron.  Iron  diftolved  by  this 
acid  alfo,  falls  fpontaneoufly  in  a kind  of  calx* 
which  is  incapable  of  being  diftolved  a feconci 
time;  for  the  nitrous  acid  will  not  a£t  upon  Iron 
that  has  loft  its  phlogifton.  This  folution  does 
not  cryftallize,  and  if  evaporated  to  drynefs  at~ 
trafts  the  moifture  of  the  air. 

Spirit  of  ialt  likewife  diffolves  Iron,  and  this 
folution  is  green.  The  vapours  which  rife  during 
the  diffolution  are  inflammable,  like  thofe  whick 
afcend  when  this  metal  is  attacked  by  the  vitriolic 
acid.  Aqua  regis  makes  a folution  of  Iron,  which 
is  of  a yellow  colour. 

Iron  hath  a greater  affinity  than  either  Silver  or 
Copper  with  the  nitrous  and  vitriolic  acids : fo 
that  if  Iron  be  prefented  to  a folution  of  either  in 
one  of  thefe  two  acids,  the  diftolved  metal  will  be 
precipitated ; becaufe  the  acid  quits  it  for  the 
Iron,  with  which  it  has  a greater  affinity". 

On  this  occafton  it  muft  be  obferved  that  if  a fo- 
lution of  Copper  in  the  vitriolic  acid  be  precipitated 
by  means  of  Iron,  the  precipitate  has  the  form  and 
iplendoui  of  a metal,  and  does  not  require  the  add'** 
uon  of  a phlogifton  to  reduce  it  to  true  Copper; 
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which  is  not  the  cafe,  as  has  been  fhewn,  when  the 
precipitation  is  effeded  by  earths  or  alkaline  falts. 

The  colour  of  this  metalline  precipitate  hath, 
deceived  feveral  perfons,  who  being  unacquainted 
with  fuch  phenomena,  and  with  the  nature  of  blue 
vitriol,  imagined  that  Iron  was  tranfmuted  into 
Copper,  when  they  faw  a bit  of  Iron  laid  in  a fo- 
lution  of  that  vitriol  become,  in  form  and  external 
appearance,  exadly  like  Copper : whereas  the  fur- 
face  only  of  the  Iron  was  crufted  over  with  the 
particles  of  Copper  contained  in  the  vitriol,  which 
had  gradually  fallen  upon  and  adhered  to  the  Iron, 
as  they  were  precipitated  out  of  thefolution. 

Among  the  folvents  of  Iron  we  mentioned  fixed 
alkalis ; and  that  they  have  fuch  a power  is  proved 
by  the  following  phenomenon.  If  a large  propor- 
tion of  alkaline  falts  be  fuddenly  mixed  with  afolu- 
tion  of  Iron  in  an  acid,  no  precipitation  enfues, 
and  the  liquor  remains  clear  and  pellucid;  or  if 
at  firft  it  look  a little  turbid,  that  appearance  lafts 
but  a moment,  and  the  liquor  prefen tly  recovers 
its  tranfparency.  The  reafon  is,  that  the  quantity 
of  alkali  is  more  than  fufRcient  to  faturate  all  the 
acid  of  the  folution,  and  the  fuperabundant  por- 
tion thereof,  meeting  with  the  Iron  already  finely 
divided  by  the  acid,  diffoives  it  with  eafe  as  fad  as 
it  falls,  and-fo  prevents  its  muddying  the  liquor. 
To  evince  that  this  is  fo  in  fad,  let  the  alkali  be 
applied  in  a quantity  that  is  not  fufRcient,  or  but 
barely  fufRcient,  to  faturate  the  acid,  and  the  Iron 
will  then  precipitate  like  any  other  metal. 

Water  al'fo  ads  upon  Iron ; and  therefore  Iron 
expofed  to  motfture  grows  rufty.  If  Iron-filings 
be  expofed  to  the  dew,  they  turn  wholly  to  a 
ruft,  which  is  called  Crocus  jMavtis  Apericns. 

Iron  expofed  to  the  fire  together  with  nitre 
makes  it  detonate  pretty  brifkly,  fets  it  in  a flame, 
and  decompofes  it  with  rapidity. 
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This  metal  hath  a greater  affinity  than  any  other 
metalline fubftance  with  fulphur;  on  which  account 
it  is  fucceffively  ufed  to  precipitate  and  feparate 
all  metalline  fubftances  combined  with  fulphur. 

Sulphur  uniting  with  Iron  communicates  to  it 
fuch  a degree  of  fufibility,  that  if  a mafs  of  this 
metal  heated  red-hot  be  rubbed  with  a bit  of  ful- 
phur, it  inceffantly  runs  into  as  perfedt  a ftffion  as  a 
metal -expofed  to  the  focus  of  a large  burning-glafs. 

§.  V.  Of  Tin. 

Tin  is  the  lighted  of  all  metals.  Though  if 
yields  eafily  to  the  impreffion  of  hard  bodies,  it 
has  but  little  du&ility.  Being  bent  backwards 
and  forwards  it  makes  a fmall  crackling  noife.  It 
flows  with  a very  moderate  degree  of  fire,  and  long 
: before  it  comes  to  be  red-hot.  When  it  is  in  fu- 
1 fion,  its  furface  foon  grows  dufky,  and  there  forms 
1 upon  it  a thin  dark-coloured  dufty  pellicle,  which 
: is  no  other  than  a part  of  the  Tin  that  has  loft  its 
; phlogifton,  or  a calx  of  Tin.  The  metal  thus 
: calcined  eafily  recovers  its  metalline  form  on  the 
addition  of  a phlogifton.  If  the  calx  of  Tin  be 
urged  by  a ftrong  fire  it  grows  white,  but  the 
greateft  violence  of  heat  will  not  fufe  it;  which 
makes  fome  Chymifts  confider  it  as  a calcinable 
or  abforbent  earth,  rather  than  a vitrifiable  one. 
'Yet  it  turns  to  glafs,  i^:  fome  fort,  when  mixed 
with  any  other  fubftance'that  vitrifies  eafily.  Howr 
ever,  it  always  produces  an  imperfedt  glafs  only, 
which  is  not  at  all  tranfparent,  r but  of  an  opaque 
white.  The  calx  of  Tin  thus  vitrified  is  called 
Enamel.  Enamels  are  made  of  feveral  colours  by 
the  addition  of  this  or  that  metalline  calx. 

Tin  unites  eafily  with  all  the  metals  ; but  it  de- 
ftroys  the  dudtility  and  malleability  of  every  one  of 
them,  Lead  excepted.  Nay,  it  poffefifes  this  property 

making  metals  brittle  in  fuch  an  eminent  de- 
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gree,  that  the  very  vapour  of  it,  when  in  fufion,  is 
Capable  of  producing  this  effedt.  Moreover,  which 
is  very  lingular,  the  mod  ductile  metals,  even 
Gold  and  Silver,  are  thofe  on  which  it  works  this 
change  with  the  ir.oft  eafe,  and  in  the  greateft 
degree.  It  has  ulfo  the  property  of  making  Silver 
mixed  With  it  flow  over  a very  fmall  fire. 

It  adheres  to,  and  in  fome  meafure  incorporates 
with,  the  furfac,e  of  Copper  and  of  Iron  ; whence 
arofe  the  pradtice  of  coating  over  thofe  metals 
\vith  Tin,  Tin-plates  are  no  other  than  thin 
plates  of  Iron  tinned  over. 

If  to  twenty  parts  of  Tin  one  part  of  Copper  be 
added,  this  alloy  renders  it  much  more  folid,  and 
the  mixed  mais  continues  tolerably  ductile. 

If  on  the  contrary  to  one  part  of  Tin  ten  parts 
of  Copper  be  added,  together  with  a little  Zink, 
a femi-metal  to  be  confidered  hereafter,  from  this 
combination  there  refults  a metalline  compound, 
which  is  hard,  brittle,  and  very  fonorous;  lb  that 
it  is  ufed  for  calling  bells:  this  compofition  is 


called  Bronze  and  Bell-metal. 

Tin  hath  an  affinity  with  the  vitriolic,  nitrous, 
and  marine  acids.  All  of  then# attack  and  corrode 
it ; yet  none  of  them  is  able  to  diflolve  it  without 
great  difficulty  : fo  that  if  a clear  folution  thereof 
bedefired,  particular  methods  mull  be  employed 
for  that  purpofe ; for  the  acids  do  but  in  a manner 
calcine  it,  and  convert  it  to  a kind  of  white  calx 
or  precipitate.  The  folvent  which  has  the  greateft 
power  over  it  is  aqiia  regie , which  has  even  a greater 
affinity  therewith  than  with  Golditfelf;  whence  it 
follows  that  Gold  difiolved  in  aqua  regis  may  be 
precipitated  by  means  of  Tin  ; but  then  the  aqua 
regis  mud  be  weakened.  Gold  thus  precipitated 
by  Tin  is  of  a mod  beautiful  colour,  and  is  ufed 
for  a red  in  enameling  and  painting  on  porcelain, 
as  alfo  to  give  a red  colour  to  artificial  gems.  If 
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the  aqua  regis  lx  n;;t  lowered,  the  precipitate  will 
noc  have  the  purple  colour. 

Tin  hath  the  property  of  giving  a great  luftre 
to  all  red  colours  in  general;  on  which  account  it 
is  ufed  by  the  dyers" for  linking  a beautiful  fear- 
let,  and  tin  veffels  are  employed  in  making  fine 
jyrup  of  violets.  Water  does  not  a£t  upon  this 
metal,  as  it  does  upon  Iron  and  Copper;  for 
which  reafon  it  is  not  fubjed  to  rufl:  neverthe- 
lefs  when  it  is  expofed  to  the  air  its  furface  foon 
lofes  its  polilli  and  fplendour. 

Tin  mixed  with  nitre  and  expofed  to  the  fire  de- 
flagrates with  it,  makes  it  detonate,  and  is  immedi- 
ately converted  to  a refractory  calx : for  fo  all  fub- 
ftancesare  called  which  are  incapable  of  fufion. 

Tin  readily  unites  with  fulphur,  and  with  it 
becomes  a brittle' and  friable  mafs. 

§.  VI.  Of  Lead. 

Next  toGold  and  Mercury  Lead  is  the  heavieft 
of  all  metalline  fubftances,  but  in  hardnefs  is  ex- 
ceeded by  every  one  of  them.  Of  all  metals  alfo 
it  melts  the  eafieft  except  Tin.  While  it  is  in 
fufion  there  galhers  inceflantly  on  its  furface,  as 
on  that  of  Tin,  a blackifh  dufty  pellicle,  which  is 
nothing  but  a calx  of  Lead. 

This  calx  further  calcined  by  a moderate  fire, 
the  flame  being  reverberated  on  it,  foon  grows 
white.  If  the  calcination  be  continued  it  becomes 
yellow,  and  at  laft  of  a beautiful  red.  In  this 
Hate  it  is  called  Minium , and  is  ufed  as  a pigment. 
Minium  is  not  eaflly  made,  and  the  operation 
fucceeds  well  in  large  manufactures  only. 

To  convert  Lead  into  Litharge , which  is  the 
metal  in  a manner  half  vitrified,  you  need  only 
keep  it  melted  by  a pretty  ftrong  fire;  for  then  as 
its  lurface  gradually  calcines,  it  tends  more  and 
more  to  fufion  and  vitrification. 
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All  thefe  preparations  of  Lead  are  greatly  dj£- 
po  ed  to  perfed  fufion  and  vitrification,  and  for 
that  purpofe  require  but  a moderate  decree  of 
nre;  the  calx  or  earth  of  Lead  being  of  all  metal- 
line earths  that  which  vitrifies  the  mod  eafily. 

. Lead  j13*  ,not  onl7  property  of  turn  in  o- 
into  glafs  with  the  greateft  facility,  but  it  hath 
a o that  of  promoting  greatly  the  vitrification  of 
all  tiie  other  impeded  metals;  and,  when  it  is 
actuali y vitrified,  procures  the  ready  fufion  of  all 
earths  and  ftones  in  general,  even  thofe  which  are 
rerradory,  that  is,  which  could  not  be  fufed  with- 
out its  help. 

Glafs  of  Lead,  befides  its  great  fufibility,  hath 
a lo  the  fingular  property  of  being  fo  fubtile  and 
actiye  as  to  corrode  and  penetrate  the  crucibles  in 
which  it  is  melted,  unlefs  they  be  of  an  earth  that 
is  exceeding  hard,  compad,  and  withal  very  re- 
fradorv  : for  Glafs  of  Lead  being  one  of  the  mod 
powerful  fluxes  that  we  know,  if  the  earth  of  the 
crucible  m which  it  is  melted  be  in  the  fmaileft 
degree  fufible,  it  will  be  immediately  vitrified; 

efpecially  if  there  be  any  metallic  matter  in  its 
compofition. 


The  great  adivity  of  Glafs  of  Lead  may  be 
weakened  by  joining  it  with  other  verifiable  mat- 
teis:  but  unlefs  thefe  be  added  in  a very  great 
pioportion,  it  will  ftill  remai-n  powerful  enough 
to  penetrate  common  earths,  and  carry  off  the 
matters  combined  with  it. 

On  thefe  properties  of  Lead,  and  of  the  Glafs  of 
Leaa,  depends  the  whole  bulinefs  of  refining  Gold 
and  Silver.  It  hath  been  fhewn  that  as  thefe  two 
metals  are  indeltrudible  by  fire,  and  the  only  ones 
which  have  that  advantage,  they  may  be  feparated 
from  the  imperfed  metals,  when  mixed  therewith, 
by  expoling  the  compound  to  a degree  of  fire 
fufficiently  ftrong  to  vitrify  the  latter;  which  when 

once 
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once  converted  into  glafs  can  no  longer  remain 
united  with  any  metal  that  has  its  metalline  form. 
But  it  is  very  difficult  to  procure  this  vitrification 
of  the  imperfect  metals,  when  united  with  Gold 
and  Silver;  nay,  it  is  in  a manner  impoffible  to  vi- 
trify them  entirely,  for  two  reafons : firft,  becaufe 
mod  of  them  are  naturally  very  difficult  to  vitrify; 
fecondly,  becaufe  the  union  they  have  contradcd 
with  the  perfed  metals  defends  them,  in  a man- 
ner, from  the  adion  of  the  fire,  and  that  fo 
much  the  more  effectually  as  the  proportion  of  the 
perfed  metals  is  greater;  which  being  indeftrudi- 
ble,  and  in  fome  fort  coating  over  thole  with  which 
they  are  alloy  ed,ferve  them  as  a prelervativeand  im- 
penetrable ihield  again  ft  the  utmoft  violence  of  fire. 

It  is  therefore  clear  that  a great  deal  of  labour 
may  be  laved,  and  that  Gold  and  Silver  may  be 
refined  to  a much  greater  degree  of  purity  than  can 
other  wife  be  obtained,  if  to  a mixture  of  thefe  metals 
with  Copper, for  inftance, or  any  other  impeded  me- 

tal,be  added  a certain  quantity  of  Lead.  For  theLead, 

by  its  known  property,  will  infallibly  produce  the 
defiied  vitrification  5 and  as  it  likewife  in  creates  the 
proportion  of  the  impeded  metals,  and  fo  leffens 
that  oi  the  perfed  metals,  in  the  mafts,  it  evidently 
deprives  the  former  of  a part  of  their  guard,  and 
lo  effeds  a more  complete  vitrification/  In  conciu- 
fion,  as  the  Glafs  of  Lead  hath  the  property  of 
running  through  the  crucible,  and  carrying  wjth  it 
the  matters  which  it  has  vitrified,  it  follows  that 
when  the  vitrification  of  the  impeded  metals  is  ef- 
fected by  its  means,  all  thofe  vitrified  matters  to- 
gether penetrate  the  veftel  containing  rhefufed  me- 
tallmemafs,  difappear,  and  leave  only  the  Gold 

and  Silver  perfectly  pure,  and  freed,  as  far  as  is  pof- 
fible,  from  all  admixture  of  heterogeneous  parts 

I he. better  to  promote  the  reparation  of  fuch  parts, 
n is  ufual  to  employ  in  thisprocefs  a particular  fort 

of 
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of  fmall  crucibles,  made  of  the  affies  of  calcined 
bones, which  are  exceedingly  porous  and  eafily  per- 
vaded. They  are  called  cupels , on  account  of  their 
figure,  which  is  that  of  a wide-mouthed  cup:  and 
from  hence  the  operation  takes  its  name;  for  when 
we  refine  Gold  and  Silver  in  this  manner  we  are 
faid  to  cupel  thofe  metals.  It  is  eafy  to  perceive  that 
the  more  lead  is  added  the  more  accurately  will  the 
Gold  and  Silver  be  refined  ; and  that  fo  much  the 
more  Lead  ought  to  be  added  as  the  perfedt  metals 
are  alloyed  with  a greater  proportion  of  the  imper- 
fect. This  is  the  molt  fevere  trial  to  which  a per- 
fect metal  can  be  put;  and  confeqr.ently  any  metal 
that  hands  it  may  be  fairly  confidered  as  fuch. 

In  order  to  denote  the  finenefs  of  Gold,  it  is  fup- 
pofed  to  be  divided  into  twenty-four  parts  called 
carats ; that  Gold  which  is  quite  pure  and  free  from 
all  alloy  is  faid  to  be  twenty-four  carats  fine ; that 
which  contains  part  of  alloy  is  called  Gold  of 
twenty-three  carats ; that  which  contains  of  al- 
loy is  but  twenty-two  carats  ; and  fo  on.  Silwer 
again  is  fuppofed  to  be  divided  into  twelve  parts 
only,  which  are  called  penny-weights : fo  that  when 
absolutely  pure  it  is  faid  to  be  twelve  penny-weights 
fine-,,  when  it  contains  alloy,  it  is  then  called 
eleven  penny-weights  fine;  when  it  contains  of 
alloy,  it  is  called  ten  penny-weights  fine,  and  fo  on. 

In  treating  of  Copper  we  promifed  to  fhew,  under 
the  article  of  Lead,  how  to  feparate  it  from  Iron. 
The  proeefs  is  founded  on  that  property  of  Lead 
which  renders  it  incapable  of  mixing  and  uniting 
with  Iron,  though  it  readily  diffolves  all  other  me- 
talline fubftances.  Therefore  if  you  have  a mafs 
compounded  of  Copper  and  Iron,  itmuft  befufed 
with  a certain  quantity  of  Lead,  and  then  the  Cop- 
per, having  a greater  affinity  with  Lead  than  with 
Iron,  will  defert  the  latter  and  join  the  former, 
yduch  being  incapable  of  any  union  with  Iron,  at 
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was  faid,  will  wholly  exclude  it  from  the  new  com- 
pound. The  next  point  is  to  feparate  the  Lead 
from  the  Copper;  which  is  done  by  expofing  the 
mafs  compounded  of  thefe  two  metals  to  a degree 
of  fire  ftrong  enough  to  deprive  the  Lead  of  its 
metalline  form,  but  too  weak  to  have  the  fame  ef- 
fedl  on  the  Copper:  and  this  may  be  done;  fince 
of  all  the  imperfed  metals  Lead  is,  next  to  Tin, 
the  eafied  to  be  calcined,  and  Copper  on  the  con- 
trary refills  the  greated  force  of  fire  longed,  with- 
out lofing  its  metalline  form.  Now  what  we  gain 
by  this  exchange,  viz.  by  feparating  Copper  from 
Iron  and  uniting  it  with  Lead,  confids  in  this,  that 
as  Lead  is  calcined  with  lefs  fire  than  Iron,  the 
Copper  is  lefs  expoled  to  be  dellroyed : For  it  mud 
be  obferved  that,  however  moderate  the  fire  be,  it 
is  hardly  podible  to  prevent  a certain  quantity 
thereof  from  being  calcined  in  the  operation. 

Lead  melted  with  a third  part  of  Tin  forms  a 
compound,  which  being  expofed  to  a fire  capable 
of  making  it  thoroughly  red-hot,  dwells,  puds  up, 
feems  in  fome  fort  to  take  fire,  and  is  prefently  cal- 
cined. Theie  two  metals  mixed  together  are  much 
fooner  calcined  than  either  of  them  feparately. 

Both  Lead  and  Tin  are  in  fome  meafure  affedted 
by  water,  and  by  a moid  air;  but  they  are  both 
much  lefs  fubjecl  than  Iron  or  Copper  to  be  cor- 
roded by  thefe  folvents,  and  of  courfe  are  much 
lefs  liable  to  rud. 


d he  vitriolic  acid  adts  upon  and  didolves  Lead, 
much  in  the  fame  manner  as  it  doth  Silver. 

I he  nitrous  acid  didolves  this  metal  with  much 
eafe,  and  in  great  quantities ; and  from  this  dilu  - 
tion a fin  all  portion  of  mercury  may  be  obtained. 

On  this  fubjedt  fee  our  Elements  of  the  Practice  of 
Lhymijtry.  J 

When  this  dilution  of  Lead  is  diluted  with  a 

good  deal  of  water,  the  Lead  precipitates  in  the 

i form 
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form  of  a white  powder;  which  happens  becaufe 
the  acid  is  rendered  too  weak  to  keep  the  Lead 
diffblved. 

If  this  folution  of  Lead  be  evaporated  to  a cer- 
tain degree,  it  fhoots  into  cryftals  formed  Jike  regu- 
lar pyramids  with  fquare  bafes.  Thefe  cryftals  are 
of  a yellowifh  colour,  and  of  a faccharine  tafte  : 
they  do  not  eafily  diffolve  in  water.  This  nitrous 
metalline  fait  has  the  fingular  property  of  detonat- 
ing in  a crucible,  without  any  additament,  or  the 
contadt  of  any  other  inflammable  fubftance.  This 
property  it  derives  from  the  great  quantity  of 
phlogifton  contained  in,  and  but  loofely  connected 
with,  the  Lead  which  is  one  of  its  principles. 

If  fpirit  of  fait,  or  even  fea-falt  in  fubftance, 
be  added  to  a folution  of  Lead  in  the  nitrous  acid, 
a white  precipitate  immediately  falls ; which  is  no 
other  than  the  lead  united  with  the  marine  acid. 
This  precipitate  is  extremely  like  the  precipitate  of 
Silver  made  in  the  fame  manner,  and  that  beine 
called  Luna  cornea, hath  occafloned  this  to  be  named 
Plumbum  corneum.  Like  the  luna  cornea  it  is  very 
fuflble,  and  being  melted  hardens  like  it  into  a kind 
of  horny  fubftance:  it  is  volatile,  and  may  be  re- 
duced by  means  of  inflammable  matters  combined 
with  alkalis.  But  it  differs  from  the  luna  cornea  in 
this  chiefly, that  it  dift'olves  eafily  in  water;  whereas 
the  luna  cornea , on  the  contrary,  dift'olves  therein 
with  great  difficulty,  and  in  a very  fmall  quantity. 

As  this  precipitation  of  Lead  from  its  folution 
in  fpirit  of  nitre  is  procured  by  the  marine  acid. 
Lead  is  thereby  proved  to  have  a greater  affinity 
with  the  latter  acid  than  with  the  former.  Yet,  if 
you  attempt  to  diffolve  Lead  diredtly  by  the  acid 
of  fea-falt,  the  folution  is  not  fo  eafily  effected  as 
by  the  fpirit  of  nitre,  and  it  is  always  imperfeeft  j 
for  it  wants  one  of  the  conditions  effential  to  every 
folution  in  a liquor,  namely  tranfparency. 

6 - If 
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If  Lead  be  boiled  for  a long;  time  in  a lixivium1 
of  fixed  alkali,  part  of  it  will  be  diflolved. 

Sulphur  renders  this  metal  refradtory  and  fcarce 
fufible;  and- the  mafs  they  form  when  united  to- 
gether is  friable.  Hence  it  appears  that  fulphur 
adts  upon  Lead  much  in  the  fame  manner  as  upon 
Tin ; that  is,  it  renders  both  thefe  metals  lefs  fu- 
fible, which  are  naturally  the  moll  fufible  of  any, 
whiiedt  exceedingly  facilitates  the  fufion  of  Silver, 
Copper,  and  Iron,  metals  which  of  themfclves  flow 
with  the  greateft  difficulty. 


CHAP.  VIII. 

Of  Q^U  I C K - S I L V E R. 

WE  treat  of  Quick-filver  in  a chapter  apart, 
becauie  this  metallic  fubftance  cannot  be 
clafled  with  the  metals  properly  fo  called,  and  yet 
has  fome  properties  which  will  not  allow  us  to  con- 
found it  with  the  femi-metals.  The  reafon  why 
Quick-filver,  by  the  Chyinifts  commonly  called 
Mercury,  is  not  reputed  a metal  is,  that  it  wants 
one  of  the  effiential  properties  thereof,  to  wit,  mal- 
leability. W hen  it  is  pure  and  unadulterated  with 
any  mixture,  it  is  always  fluid,  and  of  courfe  un- 
malleable.  But  as,  on  the  other  hand,  it  eminently 
poffeifcs  the  opacity,  the  fplendour,  and  above  all 
the  gravity  of  a metal,  being  next  to  Gold  the  hea- 
vieft  of  all  bodies,  it  may  be  confidered  as  a true 
metal,  differing  from  the  reft  no  otherwife  than  by 
being  conftantly  in  fufion;  which  we  may  fuppofe 
arifes  from  its  aptnefs  to  flow  with  fuch  a fmall  de- 
g/ee  of  heat,  that  be  there  ever  fo  little  warmth  on 
eai  th,  there  is  ft  ill  more  than  enough  to  keep  Mer- 
cury 
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cuiy  in  fufion  ; which  would  become  folia  and 
malleable  if  it  were  poflible  to  aj  y ^rree 

,of  cold  confiderable  enough  for  m ..  mpofe. 
Thefe  properties  will  not  allow  us  t mifound  it: 
with  the  femi- metals.  Add  that  we  am  not  yet 
allured  by  any  undoubted  experiment  that  it  can 
be  wholly  deprived  of  its  phlogifton,  as  the  im- 
perfect metals  may.  Indeed  we  cannot  apply  the 
force  of  fire  to  it  as  could  be  wifhed  : for  it  is  fo 
volatile  that  it  flies  off  and  exhales  in  vapours, with 
a much  lefs  degree  of  fire  than  is  necefiary  to  make 
it  red-hot.  The  vapours  of  Mercury  thus  raifed 
by  the  aCtion  of  fire,  being  collected  and  united  in 
a certain  quantity,  appear  to  be  no  other  than  true 
Mercury,  retaining  every  one  of  its  properties; 
and  no  experiment  hath  ever  been  able  to  Ihew  the 
leaft  change  thus  produced  in  its  nature. 

If  Mercury  be  expofed  to  the  greatefl  heat  that 
it  can  bear  without  fublimation,  and  continued  in 
it  for  feveral  months,  or  even  a whole  year  toge- 
ther, it  turns  to  a red  powder,  which  theChymifts 
call  Mercurius  pracipitatus  per  Je.  But  to  fucceed 
in  this  operation  it  is  abfolutely  necefiary  that  the 
heat  befuch  as  is  above-lpecified ; for  this  metal- 
lic fubftance  may  remain  expofed  to  a weaker  heat 
for  a confiderable  number  of  years,  without  un- 
dergoing any  fenfible  alteration. 

Some  Chymifts  fancied  that  by  this  operation 
they  had  fixed  Mercury  and  changed  its  nature; 
bur.  without  any  reafon  : for  if  the  Mercury  thus 
* feemingly  tranfmuted  be  expofed  to  a fomewhat 
llronger  degree  of  fire,  it  fublimes  and  exhales  in 
vapours  as  ufual ; and  thofe  vapours  collected  are 
nothing  elfe  but  running  Mercury,  which  has  re- 
covered all  its  properties  without  the  help  of  any 
additament. 

Mercury  has  the  property  of  diflolving  all  the 
metals,  Iron  only  excepted.  But  it  is  a condition 

abfolutely 
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abfolutely  neceflary  to  the  fuccefs  of  fuch  di Ablu- 
tion, that  the  metalline  fubftances  be  pofleffed  of 
their  phlogifton;  for  if  they  be  calcined,  Mercury 
cannot  touch  -them:  and  hence  it  follows  that 
Mercury  doth  not  unite  with  fubftances  that  are 
purely  earthy.  Such  a combination  of  a metal  with 
Mercury  is  called  an  Amalgam.  Trituration  alone 
is  {'efficient  to  effedt  it ; however,  a proper  degree 
of  heat  alfo  is  of  ufe. 

Mercury  amalgamated  with  a metal  gives  it  a 
confidence  more  or  lefs  foft,  and  even  fluid,  ac- 
cording to  the  greater  or  fmaller  proportion  of 
Mercury  employed.  All  amalgams  are  foftened 
by  heat,  and  hardened  by  cold. 

Mercury  is  very  volatile;  vaftly  more  fo  than  the 
moft  unfixed  metals : moreover  the  union  it  con- 
tracts with  any  metal  is  not  iufficiently  intimate  to 
entitle  the  new  compound  refulringfrom  that  union 
to  all  the  properties  of  the  two  fubftances  united  ; 
at  leaft  with  regard  to  their  degree  of  fixity  and 
volatility.  From  all  which  it  follows  that  the  belt 
and  fureft  method  of  feparating  it  from  metals  dif- 
folved  by  it,  is  toexpofe  the  amalgam  to  a degree 
of  heat  Efficient  to  make  all  the  Quick-filver  rife 
and  evaporate;  after  which  the  metal  remains  in  the 
form  of  a powder,  and  being  fufed  recovers  its 
malleability.  If  it  be  thought  proper  to  fave  the 
Quick-filver,  the  operation  muft  be  performed  in 
Ciofe  veflels,  which  will  confine  and  colledt  the 
mercurial  vapours.  This  operation  is  moft:  fre- 
quently employed  to  feparate  Gold  and  Silver  from 
the  fevefal  forts  of  earths  and  fands  with  which  they 
are  mixed  in  the  ore;  becaufe  thefe  two  metals 
Gold  efpecially,  are  of  Efficient  vahie  to  compen- 
sate the  lols  of  Mercury,  which  is  inevitable  in  this 
procefs:  befldes,  as  they  very  readily  amalgamate 
wnh  it,  this  way  of  feparating  them  from  every 
thing  unmetaliic  is  very  facile  and  commodious.  • 

Mercury 
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Mercury  is  diffolved  by  acids;  but  with  circum- 
flances  peculiar  to  each  particular  fort  of  acid. 

The  vitriolic  acid,  concentrated  and  made  boil- 
ing hot,  leizes  on  it,  and  prefently  reduces  it  to  a 
kind  of  white  powder,  which  turns  yellow  by  the 
affufion  of  water,  but  does  not  diffolve  in  it:  it  is 
called  Turbith  Mineral.  However,  the  vitriolic 
acid  on  this  occafion  unites  with  a great  part 
of  the  Mercury,  in  fuch  a manner  that  the  com- 
pound is  foluble  in  water.  For  if  to  the  water 
which  was  ufed  to  wafh  the  Turbith  a fixed  alkali 
be  added,  there  falls  inftantly  a ruffet-coloured 
precipitate,  which  is  no  other  than  Mercury  fepa- 
rated  from  the  vitriolic  acid  by  the  intervention  of 
the  alkali. 

This  diffolution  of  Mercury  by  the  vitriolic  acid 
is  accompanied  with  a very  remarkable  phenome- 
non ; which  is,  that  the  acid  contracts  a ftrong  fmell 
of  volatile  fpirit  of  fulphur  : a notable  proof  that 
part  of  the  phlogifton  of  the  Mercury  hath  united 
therewith.  And  yet,  if  the  Mercury  be  feparated 
by  means  of  a fixed  alkali,  it  does  not  appear  to 
have  fuffered  any  alteration.  Turbith  Mineral  is 
not  fo  volatile  as  pure  Mercury. 

The  nitrous  acid  dilfolves  Mercury  with  eafe. . 
The  folution  is  limpid  and  tranfparent,  and  as  it. 
grows  cold  fhoots  into  cryftals,  which  are  a ni- 
trous mercurial  fait. 

If  this  folution  be  evaporated  t6  drynefs,  the 
Mercury  remains  impregnated  with  a little  of  the 
acid,  under  the  form  of  a red  powder,  which  hath 
obtained  the  names  of  Red  Precipitate , and  Arca- 
num Corallinum.  This  Precipitate,  as  well  as 
Turbith,  is  lefs  volatile  than  pure  Mercury. 

If  this  folution  of  Mercury  be  mixed  with  a fo- 
lution  of  Copper,  made  likewife  in  the  nitrous 
acid,  and  the  mixture  evaporated  to  drynefs,  there 
will  remain  a green  Dowder  called  Green  Precipi- 
tate. 
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tate.  Thefe  precipitates  are  caudic  and  corrofive  ; 
and  are  tifed  as  i'uch  in  furgery. 

Though  Mercury  be  draolved  more  eafily  and 
completely  by  the  nitrous  acid  than  by  the  vitrio- 
lic, yet  it  lias  a greater  affinity  with  the  latter  than 
with  the  former  : for  if  a vitriolic  acid  be  poured 
into  a folution  of  Mercury  in  fpirit  of  nitre,  the 
Mercury  will  quit  the  latter  acid  in  which  it  was 
diffolved,  and  join  the  other  which  was  added. 
The  fame  thing  happens  when  the  marine  acid  is 
employed  indead  of  the  vitriolic. 

Mercury  combined  with  fpirit  of  fait  forms  a 
lingular  body  ; a metalline  fait  which  ffioots  into 
long  cryftals,  pointed  like  daggers.  This  fait  is 
volatile, and  fublimes  eaftly  without  decompofition. 
It  is  moreover  the  mod  violent  of  all  the  corrofives 
hitherto  dilcovered  by  Chymidry.  It  is  called 
Corrofive  Sublimate , becauufit  mud  abfolutely  be 
iublimed  to  make  the  combination  perfedt.  There 
arefeveralways  of  doing  this:  but  the  operation  will 
never  fail,  if  the  Mercury  be  rarified  into  vapours, 
and  meet  with  the  marine  acid  in  a fimilar  date. 

Corrofive  Sublimate  is  diffolved  by  water,  but 
in  very  fmall  quantities  only.  It  is  decompounded 
by  fixed  alkalis,  which  precipitate  the  Mercury  in 
a reddifh  yellow  powder,  called  on  account  of  its 
colour  Yellow  Precipitate. 

If  Corrofive  Sublimate  be  mixed  with  tin,  and 
the  compound  diddled,  a liquor  comes  over  which 
continually  emits  abundance  of  denfe  fumes,  and 
from  the  name  of  its  inventor  is  called  the  Smoking 
Liquor  of  Libavius.  This  liquor  is  no  other  than 
the  tin  combined  with  the  marine  acid  of  the  Cor- 
rofive Sublimate,  which  therefore  it  hath  adlually 
decompounded:  whence  it  follows  that  .this  acid 
hath  a greater  affinity  with  tin  than  wjth  Mercury. 

1 he  marine  acid  in  Corrofive  Sublimate  is  not 
quite  faturated  with  Mercury  j but  is  capable  of 
^ox**  I*  G ‘ taking 
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taking  up  a much,  greater  quantity  thereof.  For  if 
Corrofive  Sublimate  be  mixed  with  frefh  Mercury, 
and  fublimed  a fecond  time,  another  compound 
will  be  produced  containing  much  more  Mercury, 
and  lefs  acrimonious ; for  which  reafbn  it  is  named 
4 Sweet  Sublimate  of  Mercury , Mercurius  dulcis  ^Aquila 
alba . This  compound  may  be  taken  internally, 
and  is  purgative  or  emetic  according  to  the  dofe 
adminiftered.  It  may  be  rendered  Hill  more  gentle 
by  repeated  fublimations,  and  then  it  takes  the  title 
of  Panacea  Mercurialis.  No  way  hath  hitherto 
been  found  to  diffolve  Mercury  in  aqua  regis  with- 
out great  difficulty,  and  even  then  it  is  but  im- 
perfectly diiTolved. 

Mercury  unites  eafilyanci  intimately  withfulphur. 
If  thefe  two  fubftances  be  only  rubbed  together  in 
a gentle  heat, or  even  without  any  heat,  they  will  con- 
tract an  union,  tha’  but  an  incomplete  one.  This 
combination  takes  the  form  of  a black  powder,  which 
has  procured  it  the  name  of  JEthiofs.  Mineral. 

If  a more  intimate  and  perfect  union  be  defired, 
tliis  compound  muft  be  expofed  to  a ftronger  heat; 
and  then  a red  ponderous  fubftance  will  be  fu- 
blimed, appearing  like  a mafs  of  fhining  needles;  / 
this  is  the  combination  defired,  and  is  called  Ci - 
nabar.  In  this  form  chiefly  is  Mercury  found  in 
the  bowels  of  the  earth.  Cinabar  finely  levigated 
acquires  a much  brighter  red  colour,  and  is  known 

painters  by  the  name  of  Vermilion. 

Cinabar  rifes  wholly  by  fublimation,  without 
fuffering  any  decompofition;  becaufe  the  two  fub- 
ftances of  which  it  confifts,  viz.  Mercury  and  Sul- 
phur, are  both  volatile. 

Though  Mercury  unites  and  combines  very  well 
with  fulphyr,  as  hath  been  faid,  yet  it  hath  lefs  af- 
finity with  that  mineral  than  any  other  metal ; — 
Gold  only  excepted : whence  it  fallows  that  any 
of  the  other  metals  will  decompound  Cinabar,  by 

uniting 
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uniting  with  its  fulphur,  and  f©  .fetting  the  Mer- 
cury at  liberty  to  appear  in  its  ufual  form.  Mer- 
cury thus  feparated  from  fulphur  is  efteemed  the 
pureft,  and  bears-  the  name  of  Mercury  revivified 
from  Cinabar . 

Iron  is  generally  ufed  in  this  operation,  prefer- 
ably to  the  other  metals,  becaufe  among  them  all 
it  has  the  greateft  affinity  with  fulphur,  and  is  the 
only  one  that  has  none  with  Mercury. 

Cinabar  may  alfo  be  decompounded  by  means 
of  fixed  alkalis  j the  affinity  of  thefe  fairs  with 
fulphur  being  generally  greater  than  that  of  any 
metalline  fubftance  whatever. 


CHAP.  IX. 

Of  the  Semi-Metals. 

§•1.  0/  Regulus  of  Antimony. 

REG  ULUS  of  Antimony  is  a metallic  fubftance 
of  a pretty  bright  white  colour.  It  has  the 
fplendour,  opacity,  and  gravity  of  a metal:  but  it 
is  quite  unmalleable,  and  crumbles  to  duft,  inftead 
of  yielding  or  ftretching,  under  the  hammer;  on 
which  account  it  is  clafled  with  the  Semi-metals. 

It  oegins  to  flow  as  foon  as  it  is  moderately  red; 
but,  like  the  other  Semi-metals,  it  cannot  ftand  a 
violent  degree  of  fire;  being  thereby  diffipated 
into  fmoke  and  white  vapours, which  adhere  tofucht 
cold  bodies  as  they  meet  with,  and  fo  are  collected 
into  a kind  o 1 farina  called  Flowers  of  Antimony. 

If  Regulus  of  Antimony,  inftead  of  being  ex - 
poled  to  a ftrong  fire,  be  only  heated  fo  mode- 
rately that  it  ffiall  not  even  melt, , it  will  calcine, 
ioie  ltsphlogifton,  and  take  the  form  of  a greyifk 
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powder  deftitute  of  all  fplendour  : this  powder  is 
called  Calx  of  Antimony . 

'I  his  calx  is  riot  volatile  like  the  Regulus,  but 
will  endure  a very  violent  fire;  and  being  ex- 
pofed  thereto  will  flow,  and  turn  to  a glafs  of  the 
yellowifh  colour  of  a hyacinth. 

It  is  to  be  obferved  that  the  more  the  Regulus  is 
deprived  of  its  phlogifton  by  continued  calcination, 
the  more  refradory  is  the  calx  obtained  from  it. 
The  glafs  thereof  has  alfo  fo  much  the  lefs  colour, 
and  comes  the  nearer  to  common  glafs. 

The  calx  and  theGlafs  of  Antimony  will  recover 
their  metalline  form,  like  every  other  Calx  and 
Glafs  of  a metal,  if  reduced  by  reftoring  to  them 
their  loft  phlogifton.  Yet  if  the  calcination  be 
carried  too  far,  their  redudion  will  become  much 
more  difficult,  and  a much  fmaller  quantity  of 
Regulus  will  be  refufcitated. 

Regulus  of  Antimony  is  capable  of  diftolving 
the  metals  j but  its  affinities  with  them  are  various, 
and  differ  according  to  the  following  order.  It  af- 
feds  Iron  the  mofLpowerfully,  next  Copper,  then 
Tin,  Lead,  and  Silver.  It  promotes  the  fufion  of 
metals,  but  makes  them  all  brittle  and  unmalleable.  1 

It  will  not  amalgamate  with  Mercury;  and 
though  by  certain  proceffes,  particularly  the  addi- 
tion of  water  and  continued  trituration,  a fort  of 
union  between  thefe  two  fubftances  may  be  pro- 
duced, yet  it  is  but  apparent  and  momentary;  for 
being  left  to  themfelves,  and  undifturbed,  they 
quickly  difunite  and  feparate  *. 

* M.  Malouin,  however,  hath  found  a way  to  unite  thefe 
two  metallic  fubltances  : but  then  he  does  it  by  the  interpofi- 
tion  of  fulphur  j that  is,  he  combines  crude  Antimony  with 
Mercury.  This  combination  is  brought  about  in  the  fame 
way  that  ASthiops  Mineral  is  made ; viz.  either  by  fulion  or 
by  trituration  only  without  fire,  [t  refembles  the  common 
yEthiops,  and  M.  Malouin  calls  it  JEthiops.  of  Antimony.  He 
obferved  that  Mercury  unites  with  Antimony  much  more  in- 
timately, by  melting,  than  by  rubbing  them  together. 


The  - 
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The  vitriolic  acid,  affifted  by  heat,  and  even  by 
diftillation,  diflolves  Regulus  of  Antimony.  The 
nitrous  acid  likewife-attacks  it;  but  the  loin  tion  can 
by  no  art  be  made  clear  and  limpid:  fo  that  the  Re- 
gulus  is  only  calcined,  in  a manner,  by  this  acid. 

The  marine  acid  diflolves  it  well  enough  ; but 
then  it  muft  be  exceedingly  concentrated,  and  ap- 
plied in  a peculiar  manner,  and  efpecially  by  dif- 
tillation. One  of  the  belt  methods  of  procuring  a 
perfect  union  between  the  acid  of  lea-falt  and  Re- 
gulus  of  Antimony,  is  to  pulverize  the  latter,  mix 
it  with  corrofive  fublimate,  and  djft.il  the  whole. 
There  rifes  in  the  operation  a white  matter,  thick 
and  fcarce  fluid,  which  is  no  other  than  the  Regu- 
lus of  Antimony  united  and  combined  with  the 
acid  of  lea-falt.  xThis  compound  is  extremely 
corrofive,  and  is  called  Butter  of  Antimony. 

It  is  plain  that  the  corrofive  fublimate  is  here  de-^ 
compounded;  that  the  Mercury  is  revivified,  and 
that  the  acid  which  was  combined  therewith  hath 
quitted  it  to  join  the  Regulus  of  Antimony,  with 
which  its  affinity  is  greater.  This  Butter  of  Anti- 
mony by  repeated  diftijlations  acquires  a conft- 
-derable  degree  of  fluidity  and  limpidnefs. 

. K the  acid  of  nitre  be  mixed  with  Butter  of  An- 
timony, and  the  whole  diftilled,  there  riles  an  acid 
liquor,  or  a fort  of  aqua  regis , which  ftil]  retains 
fome  of  the  diflblved  Regulus,  and  is  called  Bezo- 
ar die  Spirit  of  Nitre.  After  the  diftillation  there 
remains  a white  matter,  from  which  frefh  fpirit  of 
nitre  is  again  abftra&ed,  and  which  being  then 
wafhed  with  water  is  called  Bezoar  Mineral.  This 
Bezoar  Mineral  is  neither  fo  volatile,  nor  fo  cauftic, 
as  Butter  of  Antimony;  becaufe  the  nitrous  acid 
hatn  not  the  property  of  volatilizing  metallic  fu fi- 
nances, as  the  marine  acid  does,  and  becaufe  it 

remains  much  more  intimately  combined  with  the 
reguline  part. 


If 
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If  Butter  of  Antimony  be  mixed  with  water,  the 
liquor  immediately  becomes  turbid  and  milky,  and 
a precipitate  falls,  which  is  nothing  but  the  metal- 
lic matter  partly  feparated  from  its  acid,  which  is 
too  much  weakened  by  the  addition  of  water  to 
keep  it  diffolved.  Yet  this  precipitate  ftill  retains 
a good  deal  of  acid  ; for  which  reafon  it  continues 
to  be  a violent  emetic,  and  in  fome  degree  corro- 
five.  It  hath  therefore  been  very  improperly  called 
Mercurius  Vita. 

The  proper  folvent  of  Regulus  of  Antimony  is 
aqua  regis ; by  means  whereof  a clear  and  limpid 
folution  of  this  Semi-metal  may  be  obtained. 

Regulus  of  Antimony  mixed  with  nitre,  and  pro- 
jected into  a red-hot  crucible,  fets  the  nitre  in  a 
flame,  and  makes  it  detonate.  As  it  produces  this 
effeCl  by  means  of  its  phlogifton,  it  mu  ft  needs  at 
the  fame  time  be  calcined,  and  lofe  its  metallic  pro- 
perties, which  accordingly  happens,  and  when  the 
nitre  is  in  a triple  proportion  to  the  Regulus,  the 
latter  is  fo  perfeCtlycalcined  as  to  leave  only  a white 
powder,  which  is  fufed  with  great  difficulty,  and 
then  turns  tp  a faintly  coloured  glafs,  not  very  dif- 
ferent from  common  glafs,  and  which  is  not  redu-^ 
cible  to  a Regulus  by  the  addition  of  inflammable 
matter;  at  leaft  it  yields  but  a very  fmall  quantity 
thereof.  If  lefs  nitre  be  ufed,  the  calx  is  not  fo 
■white ; the  glafs  it  produces  is  more  like  a metal- 
line glafs,  and  is  more  eafily  reduced.  The  calx 
of  the  Regulus  thus  prepared  by  nitre  is  called,  on 
account  ot  the  medicinal  virtue  afcribed  to  it. 
Diaphoretic  Antimony , or  Diaphoretic  Mineral. 

Nitre  always  becomes  an  alkali  by  deflagration, 
and  in  the  prefent  cafe  retains  part  of  the  calx, 
which  it  even  renders  foluble  in  water.  This  calx 
inay  be  feparated  from  the  alkali,  if  an  acid  be  em- 
ployed to  precipitate  it;  and  then  it  is  called  Mate- 
Ha  Per  lata.  This  pearly  matter  is  a calx  of  Anti- 
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mony,  fb  completely  deprived  of  its  phlogifton  as 
to  be  altogether  incapable  of  reduction  to  a Re- 
gulus. 

Regulus  of  Antimony  readily  joins  and  unites 
with  fulphur,  forming  therewith  a compound  which 
has  a very  faint  metallic  fplendour.  This  com* 
pound  appears  like  a mafs  of  long  needles  adher- 
ing together  laterally ; and  under  this  form  it  is 
ufually  found  in  the  ore,  or  at  leaft  when  only  fe- 
parated  by  fufion  from  the  ftones  and  earthy  mat- 
ters with  which  the  ore  is  mixed.  It  is  called 
Crude  Antimony . 

Antimony  flows  with  a moderate  heat,  and  be- 
comes even  more  fluid  than  other  metallic  fub- 
ftances.  The  action  of  fire  diflipates  or  conlumes 
the  fulphur  it  contains,  and  its  phlogifton  alfo,  fo 
as  to  convert  it  into  a calx  and  a glals,  as  it  does 
the  Regulus. 


Aqua  regis , which  we  obferved  to  be  the  proper 
folvent  of  the  Regulus,  being  poured  on  Anti- 
mony, attacks  and  diflolves  the  reguline  parr,  but 
touches  not  the  fulphur;  in  confequence  whereof 
it  decompofes  the  Antimony,  and  feparates  its  ful- 
phur from  its  Regulus. 

There  are  feveral  other  ways  of  effedling  this  de- 
compofition,andobtaining  the  reguline  part  of  An- 
timony by  itfelf : they  confift  either  in  deftroying 
the  fulphureous  part  of  the  Antimony  by  combuf- 
tion,  or  in  melting  the  Antimony  with  fome  fub- 
ftance,  which  has  a greater  affinity  than  its  reguline 
part  with  fulphur.  Molt  metals  are  very  fit  for  this 
latter  purpofe ; for  though  the  Regulus  has  a con- 
fiderable  affinity  with  fulphur,  yet  all  the  metals, 
except  Gold  and  Mercury,  have  a greater. 

If  therefore  Iron,  Copper,  Lead,  Silver,  or  Tin, 
be  melted  with  Antimony,  the  metal  employed 
will  unite  with  the  fulphur,  and  feparate  it  from 
the  Regulus. 


It 
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It  muft  be  obferved  that,  as  thefe  metals  have 
fome  affinity  with  the  Regnlus  of  Antimony,  the 
Regulus  will  be  joined  in  the  operation  by  fome  of 
the. metal  employed  as  z Precipitant,  (fo  thofe  fu  fi- 
nances are  called  which  ferve  as  the  means  of  fepa- 
ratmg'  two  bodies  from  each  other;)  ,and  therefore 
the  Regulus  procured  in  this  manner  will  not  be 
absolutely  pure  : on  this  account  care  is  taken  to 
difhnguifh  each  by  adding  tne  name  of  the  metal 
employed  in  its  precipitation ; and  thence  come 
thefe  titles,  Martial  Regulus  of  Antimony , or  only* 
Martial  Regulus,  Regulus  Veneris ; and  fo  of  the  reft. 

Antimony  is  employed  with  advantage  to  feparate 
Gold  from  ail  the  other  metals  with  which  it  may 
oe  alloyed.  It  has  been  fhewn  that  all  the  metals 
have  a greater  affinity,  than  the  reguline  part  of 
Antimony,  with  fulphur,Gold  only  excepted;  which 
is  incapable  of  contracting  any  union  therewith : and 
therefore,  if  a mafs  compounded  of  Gold  and  le- 
veral  other  metals  be  melted  with  Antimony,  every 
thing  in  that  mafs  which  is  not  Gold  &ill  unite  with, 
the  fulphur  of  the  Antimony.  This  union  occafions 
two  feparations,  to  wit,  that  of  the  fulphur  of  the 
Antimony  from  its  reguline  part,  and  that  of  the*. 
Gold  from  the  metals  with  which  it  was  adulterate' 
ed;  and  from  the  whole  two  new  compounds  arife  ; 
namely,  a combination  of  the  metals  with  the  ful- 
phur, which  being  lighteft  rifes  to  the  furfaee  in 
fufion  ; and  a metalline  mafs  formed  of  the  Gold 
and  the  reguline  part  of  the  Antimony  united  toge- 
ther, which  being  much  the  heavieft  finks  to  the 
bottom.  There  is  no  difficulty  in  parting  the  Gold 
from  the  Regulus  of  Antimony  with  which  it  is 
alloyed:  for  the  metalline  mafs  need  only  be  expo- 
fed  to  a degree  of  fire  capable  of  diflipating  into 
vapours  all  theSemi-metal  it  contains ; which  being 
very  volatile, the  operation  is  much  eafier,and  more 
expeditioufly  finiffied,than  if  the  metals  with  which 

the 
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the  Geld  was  debated  were  to  be  vitrified  on  the 
cupel;  without  taking  into  this  account  that  if  Sil- 
ver were  one  of  them,  recourfte  muft  needs  be  had 
to  the  procefs  of  quartation  after  that  of  the  cupel. 

If  equal  parts  of  nitre  and  Antimony  be  mixed 
together,  and  the  mixture  exposed  to  the  adtion  of 
fire, a violent  detonation  enfues;  file  nitre  deflagrat- 
ing confumes  the  fulphur  of  t'ht;  Antimony,  and 
even  a part  of  its  phlogifton.  After  the  detonation 
there  remains  a greyifh  matter  whi  ch  contains  fixed 
nitre,  vitriol ated  tartar,  and  the  reguline  part  of 
the  Antimony  in  fome  meafure  deprived  of  its 
phlogifton,  and  half  vitrified  by  the  action  of  the 
fire,  which  is  confiderably  increafed  by  the  defla- 
gration. This  matter  is  called  Liv^r  of  Antimony, 

If  inftead  of  equal  parts  of  nitre  and  Antimony, 
two  parts  of  the  former  be  ufed  to  one  of  the  lat- 
ter, then  the  reguline  part  lofes  much  more  of  its 
phlogifton,  and  remains  in  the  form  of  ayellowifh 
powder. 

Again,  if  three  parts  of  nitre  be  taken  to  one  of 
Antimony,  the  Regulus  is  thereby  entirely  robbed 
of  its  phlogifton,  and  converted  to  a white  cab$ 
which  bears  the  name  of  Diaphoretic  Antimony , or 
Diaphoretic  Mineral.  The  pearly  matter  may  be 
precipitated  by  pouring  an  acid  on  the  faline  fub-. 
fiances  which  here  remain  after  the  detonation,  in 
the  lame  manner  as  we  fhewed  above  was  to  be 
done  with  regard  to  the  Regulus. 

In  the  two daft  operations,  where  the  nitre  is  in  a 
double  or  triple  proportion  to  the  Antimony,  the 
reguline  part  is  found  after  the  detonation  to  be  con- 
verted into  a calx,  and  not  into  a half  vitrified 
matter,  which  we  have  feen  is  the  efTed  when  equal 
parts  only  of  nitre  and  Antimony  are  ufed  The 
realonof  this  difference  is,  that  in  thefe  two  cates  the 
reguline  part,  being  wholly,  or  almoft  wholly,  de- 
prived of  its  phlogifton,  becomes,  as  was  o bferved, 

more 
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more  difficult  to  fufe,  and  confequently  cannot  be- 
gin to  vitrify  in  the  fame  degree  of  heat  as  that 
which  hath  not  loft  fo  much  of  its  phlogifton.  If 
infteadof  performing  theoperation  with  equal  parts 
of  nitre  and  Antimony  alone,  a portion  of  fome 
fubftance  which  abounds  with  phlogifton  be  added, 
in  that  cafe  the  fulphuronly  of  the  Antimony  will 
be  confumed,  and  the  Regulus  will  remain  united 
with  its  phlogifton  and  feparated  from  its  fulphur. 

The  Regulus  prepared  in  this  manner  is  abfo- 
Cutely  pure,  becaufe  no  metalline  fubftance  being 
employed,  none  can  mix  with  and  adulterate  it. 
It  is  called  Regulus  of  Antimony  -per  Je3  or  only  Re- 
gains of  Antimony* 

It  is  true  indeed  that  in  this  operation  much  of 
the  rcguline  part  unavoidably  lofes  its  phlogifton 
and  is  calcined,  and  confequently  a much  fmaller 
quantity  of  Regulus  is  obtained  than  when  metal- 
line precipitants  are  employed : but  this  lofs  is 
eafily  repaired,  if  it  be  thought  proper,  by  reftor- 
jng  to  the  calcined  part  its  loft  phlogifton. 

Antimony  melted  with  two  parts  of  fixed  alkali 
yields  no  Regulus,  but  is  entirely  diftolved  by  the 
fait,  and  forms  with  it  a mafs  of  a j-eddilh  yellow- 
colour. 

The  reafon  why  no  precipitate  is  produced  on 
this  occafion  is,  that  the  alkali  uniting  with  the 
fulphur  of  the  Antimony  forms  therewith  the  com- 
bination called  Liver  of  Sulphur,  which  by  its  na- 
ture is  qualified  to  keep  the  reguline  part  diftolved. 
This  mafs  formed  by  the  union  of  the  Antimony 
with  the  alkali  is  foluble  in  water.  If  any  acid 
whatever  be  dropt  into  this  folution,  there  falls  a 
precipitate  of  a reddifh  yellow  colour  becaufe  the 
acid  unites  with  the  alkali,  and  forces  it  to  quit 
the  matters^with  which  it  was  combined.  This 
precipitate  is  called  Golden  Sulphur  of  Antimony , 
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As  in  the  operation  for  preparing  Regulus  of 
Jintimohy per Je3  fome  of  the  nitre  is,  by  the  in- 
flammable matters  added  thereto,  turned  to  an  al- 
kali, this  alkali  feizes  on  part,  of  the  Antimony, 
and  therewith  forms  a compound  like-.that  juft  de- 
scribed. Hence  it  comes  that  if  the  fcoria  formed 
in  this  procels  be  diffolved  in  water,  and  an  acid 
dropped  into  the  folution,  a true  golden  fulphur 
of  Antimony  is  thereby  feparated. 

This  union  of  Antimony  with  an  alkali  may  alfo 
be  brought  about  by  the  humid  way;  that  is,  by 
making  ufe  of  an  alkali  refolved  into  a liquor,  and 
boiling  the  mineral  in  it.  The  alkaline  liquor,  in 
proportion  as  it  adts  upon  the  Antimony,  gradually 
becomes  reddifh  and  turbid.  If  left  to  fettle  and 
cool  when  well  faturated  therewith,  it  graduallyde- 
pofltes  the  Antimony  it  had  taken  up,  which  preci- 
pitates in  the  form  of  a red  powder : and  this  pre- 
cipitate is  the  celebrated  remedy  known  by  the 
name  of  Kerptes  Mineral.  It  is  plain  that  the 
kermes  is  nearly  the  fame  thing  with  the  golden 
fulphur  : yet  it  differs  from  it  in  fome  refpedts; 
and  efpecially  in  this,  that  being  taken  inwardly  it 
operates  much  more  gently  than  the  golden  ful- 
phur, which  is  a violent  emetic.  Nitre  fixed  by 
charcoal,  and  refolved  into  a liquor,  is  the  only 
alkali  employed  in  preparing  the  kermes. 

It  was  fhewn  above  that  Regulus  of  Antimony 
mixed  and  dilliiled  with  corrofive  fublimate  de- 
compounds jt,  difengages  the  Mercury,  and  join- 
ing itfelf  to  the  marine  acid  forms  therewith  a new 
combination,  called  Butter  of  Antimony.  If  the 
fame  operation  be  performed  with  crude  Antimo- 
ny of  its  Regulus,  the  fame  effedls  are 

produced ; but  then  the  Antimony  itfelf  is  alfo 
decompofed;  that  is,  the  reguline  part  is  fepa- 

u l m fulphur,  which  being  let  free  unites 
yuth  the  Mercury,  now  alfo  at  liberty,  and  thefe 
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two  together  form  a true  cinabar  called  Cinabar  of 
Antimony.  J 

II.  Of  B i s m u t n. 

. BrsMUTH^known  alfo  by  the  name  of  Tin-glafs 
is  a femi-meral,  having  aim  off  the  fame  anpear- 
ance  as  Reg  ulus  of  Antimony  ; yet  it  has  a more 
auiky  caff,  inclining  fomewhat  to  red,  and  even 
prefen ts  fome  changeable  ftreaks,  especially  after 
lying  long  in  the  air. 

When  expofed  to  the  fire  it  melts  long  before  it 
is  red,  and  confequently  with  lefs  heat  than  Regu- 
jus  of  Antimony,  which  does  not  how,  as  was 
Ihewn  above,  till  it  begin  to  be  red-hot.  It  be- 
comes  volatile,  like  all  the  other  femi-metals,  when 
'aaed  on  by  a violent  fire ; being  kept  in  fufion 
by  a proper  degree  of  heat  it  lofes  its  phlogiffon 
with  its  metallic  form,  and  turns  to  a powder  or  a 
calx ; and  that  again  is  converted  into  glafs  by  the 
continued  action  of  firef  The  calx  and  glafs  of 
Bnmuth  may  be  reduced,  like  any  other  metallic 
calx,  by  reftoring  their  phlogifton. 

Bifmuth  mixes  with  ail  the  metals  in  fufion,  and 
even  facilitates  the  fufion  of  fuch  as  do  not  other-, 
wife  flow  readily.  It  whitens  them  by  its  union, 
and  deftroys  their  malleability. 

It  amalgamates  with  Mercury,  if  they  be  rubbed 
together  with  the  addition  of  water : yet  after 
fhme  time  thefe  two  metalline  fubflances  defert 
each  other,  and  the  Bifmuth  appears  again  in  the 
form  of  a powder.  Hence  it  is  plain  that  the  union 
it  contrails  with  Mercury  is  not  perfefig  and  yet  it 
has  the  lingular  property  of  attenuating  Lead,  and 
altering  it  in  fuch  a manner  that  it  afterwards  amal- 
gamates with  Mercury  much  more  perfectly,  fo  as 
ipven  to  pafs  with  it  through  fhamoy  leather  without 
any  U paiation.  J he  Bifmuth  employed  in  making 
this  amalgama  afterwards  feparates  from  it  fponta- 
5 neoully. 
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tieoufly,  as  ufual ; but  the  Lead  flill  continues 
united  with  the  Mercury,  and  always  retains  the 
property  thus  acquired. 

The  vitriolic  acid  does  not  diffolve  Bifmuth:  its 
proper  folvent  is  the  nitrous  acid,  which  diffolves 
it  with  violence,  and  abundance  of  fumes. 

Bifmuth  dilTolved  in  the  nitrous  acid  is  precipi- 
tated not  only  by  alkalis,  but  even  by  the  bare  ad- 
dition of  water.  This  precipitate  is  extremely  white, 
and  known  by  the  name  of  Magiftery  of  Bifmuth! 

The  acid  of  fea-falt  and  aqua  regis  likewife  adt 
upon  Bifmuth,  but  with  lefs  violence. 

This  femi-metal  does  not  fenlibly  deflagrate  with 
nitre*  yet  it  is  quickly  deprived  of  its  phlogiflon, 
and  turned  into  a verifiable  calx,  when  expofed 
tvith  it  to  the  adtion  of  fire. 

i It  readily  unites  with  fulphur  in  fufion,and  forms 
therewith  a compound  which  appears  to  confift  of 
needles  adhering  laterally  to  each  other. 

It  may  be  feparated  from  the  fulphur  with 
which  it  is  combined,  by  only  expofing  it  to  the 
fire,  without  any  aaditamentj  for  the  fulphur  is 
either  confumed  or  fublimed,  and  leaves  the  Bif- 
muth behind. 

§.  111.  Of  Z 1 n c. 

Zinc  to  appearance  differs  but  little  from  Bif- 
muth, and  has  even  been  confounded  with  it  by 
ieveral  authors.  Neverthelefs,  befides  that  it  has 
fome thing  of  a blueifh  caff,  and  is  harder  than  Bif- 
muth, it  differs  from  it  effentially  in  its  properties, 
as  will  prefently  be  fhewn.  Thefe  two  metallic 
mbftances  fcarce  refemble  each  other  in  any  thincr 
but  the  qualities  common  to  all  fcmi-metals. 

Zinc  melts  the  moment  it  grows  red  in  the  fire, 
and  then  alfo  begins  to  turn  to  a calx,  which,  like 
any  other  metallic  calx,  may  be  reduced  by  means 
of  the  phlogiflon  : but  if  the  fire  be  confiderably 

increafed. 
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increafed,  it  fublimeS,  flames,  and  burns  like  art 
oily  matter  i which  is  a proof  of  the  great  quantity 
of  phlogiftori  in  its  compofition.  At  the  fame 
time  abundance  of  flowers  rife  from  it  in  the  form 
of  white  flakes,  flying  about  in  the  air  like  very 
light  bodies ; and  into  this  form  may  the  whole 
fubflance  of  the  Zinc  be  converted*  Several  names 
have  been  given  to  thefe  flowers,  fuch  as  Pompho- 
lyx,  Philofophic  Wool*  They  arefuppofed  to  be 
no  other  than  the  Zinc  itfelf  deprived  of  its  phlo- 
gifton  i yet  nobody  has  hitherto  been  able  to  re- 
iufcitate  them  in  the  form  of  Zinc,  bv  reftorins 
their  phlogifton  according  to  the  methods  ufed  in 
the  reduction  of  metals.  Though  they  rife  in  the 
air  with  very  great  eafe  while  the  Zinc  is  calcin- 
ing, yet  when  once  formed  they  are  very  fixed ; 
for  they  withftand  the  utmoft  violence  of  fire,  and 
are  capable  of  being  vitrified,  efpecially  if  joined 
with  a fixed  alkali.  They  are  foluble  in  acids. 

Zinc  unites  with  all  metalline  fubftances,  ex- 
cept Bifmuth.  It  has  this  fingular  property,  that 
being  mixed  with  Copper,  even  in  a confiderable 
quantity,  fuch  as  a fourth  part,  it  does  not  greatly 
lefifen  the  du&ility  thereof,  and  at  the  fame  time 
communicates  to  it  a very  beautiful  colour  not  un- 
like that  of  Gold  : on  which  account  the  eompo- 
fition  .is  frequently  made,  and  produces  what  is 
called  Brajs.  This  metal  melts  much  more  eafily 
than  Copper  alone,  becaufe  of  the  Zinc  with 
which  it  is  alloyed.  If  it  be  expofed  to  a great  de- 
gree of  heat,  the  Zinc  which  it  contains  takes  fire,- 
and  fublim.es  in  white  flowers,  juft  as  when  it  is 
pure. 

It  is  to  be  obferved  that  Brafs  is  du£lile  only 
when  it  is  cold,  and  not  then  unlefs  the  Zinc  ufed 
(in  making  it  was  very  pure ; otherwiie  the  com- 
pofition will  prove  but  a tombac  or  Prince  s Metal j 
having  very  little  malleability,, 

£in<3 
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Zinc  is  very  volatile,  and  carries  off  with  it  any 
metallic  fubftance  with  which  it  is  fufed,  making 
a kind  of  fublimate  thereof.  In  the  furnaces  where 
they  lmelt  ores  containing  Zinc,  the  matter  thus 
iublimed  is  called  Cadmia  Fomacnm , to  diftino-uifh 
it  from  the  native  Cadmia  called  alfo  Calamine , or 
Lapis  Calaminaris , which,  properly  fpeaking,  is 
an  ore  of  Zinc,  containing  a great  deal  of°that 
femi-metal,  together  with  fome  Iron,  and  a ftony 
fubftance.  The  name  of  Cadmia  Fornacum  is  not 
appropriated  folely  to  the  metallic  fublimates  pro- 
cured by  means  of  Zinc,  but  is  given  in  general 
to  all  the  metallic  fublimates  found  in  fmeltino-- 
houfes.  ° 


II  a violent  and  fudden  heat  be  applied  to  Zinc, 
it  fublimes  in  its  metalline  form;  there  not  bein°- 
time  for  it  to  burn  and  be  refolved  into  flowers.** 
This  fern i -metal  is  foluble  in  all  the  acids,  but 
efpecially  in  fpirit  of  nitre,  which  attacks  and  dif- 
iolves  it  with  very  great  violence. 

Zmc  has  a greater  affinity  than  iron  or  copper 
<vith  the  vitriolic  acid ; and  therefore  it  decom- 
pounds the  green  and  blue  vitriols,  precipitating 
thofe  two  metals  by  uniting  with  the  vitriolic  acid° 
with  which  it  forms  a metallic  fait,  or  vitriol' 
called  White  Vitriol , or  Vitriol  of  Zinc. 

Nitre  mixed  with  Zinc,  and  projected  into  a 
red-hot  crucible,  detonates  with  violence,  and 
uring  the  detonation  there  rifes  a great  quantity 

of  white  flowers,  like  thofe  which  appear  when  ic 
is  calcined  by  itfelf. 

Sulphur  has  no  power  over  Zinc.  Even  liver 
Of  fulphur,  winch  diffolves  all  other  metallic  fob- 

MelTR  nra£tS,n<ir:0n  With  tllis  ^mi-metal, 
deal  of  “u  Maloum  have  bellowed  a great 

their  eLSm  °n  ^ A"  account  of 

the  Sr/oTsc^cef UWl  “ ths  M~  of 
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§.  IV.  Of  Regulus  of  Arsenic, 

Reg  ulus  of  Arfenic  is  the  moll  volatile,  of  all 
the  femi-metals.  A very  moderate  heat  makes  it 
•wholly  evaporate,  and  fly  off  in  fumes  on  which 
account  it  cannot  be  brought  to  fufk>n,nor  can  any 
confiderable  maffes  thereof  be  obtained.  It  has  a 
metallic  colour,  fomewhat  refembling  Lead  ; but 
itfoonlofes  its  fplendour  when  expofed  to  the  air. 

It  unites  readilyenough  with  metallic  fubftances, 
having  the  fame  affinities  with  them  as  Regulus  of 
Antimony  hath.  It  makes  them  brittle,  and  un mal- 
leable. It  hath  alfo  the;  property  of  rendering  them 
volatile,  and  greatly  facilitates  their  fcorification. 

It  very  eafily  parts  with  its  phlogifton  and  its 
metallic  form.  When  expofed  to  the  fire  it  rifes 
in  a kind  of  lhining  cryftalline  calx,  which  on  that 
account  looks  more  like  a faline  matter  than  a 
metallic  calx.  To  this  calx  or  thefe  flowers  are 
given  the  names  o (White  Arfenic,  Cryftalline  Arfe- 
nic , and  moft  commonly  plain  Arfenic. 

The  properties  of  this  fubftance  are  very  Angu- 
lar, and  extremely  different  from  thofe  of  any  other 
metallic  calx.  Hitherto  if.  hath  been  but  little  ex- 
amined ; and  this  led  me  to  make  fome  attempts  y 
towards  difcovering  its  nat:ure,  which  may  be  feen 
in  the  Memoirs  of  the  Academy  of  Sciences. 

Arfenic  differs  from  every  other  metalline  calx, 
firft,  in  being  volatile;  whereas  the  calxes  of  all 
other  metallic  fubftances,  not  excepting  thofe  of 
the  molt  volatile  femi-metals » fuch  as  Regulus  of 
Antimony  and  Zinc,  are  exceedingly  fixed  ; and 
fecondly,  in  having  a faline  character,  which  is 
not  found  in  any  other  metalline  calx. 

The  faline  character  of  Arfenic  appears,  firft, 
from  its  being  foluble  in  water  ? fecondly, from  its 
corrofive  quality,  which  makes  it  one  of  the  moft 

violent 
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violent  poifons  : a quality  from  which  the  other 
metallic  lubftances  are  free,  when  they  are  not 
combined  with  fome  faline  matter.  Regulus  of 
Antimony  muft  however  be  excepted.  But  then 
the  beft  Chymifts  agree  that  this  femi-metal  is 
either  nearly  of  the  fame  nature  with  Arfenic,  or 
contains  a portion  thereof  in  its  compofition  : be- 
fides,  its  noxious  qualities  never  difcover  thern- 
felves  fo  plainly  as  when  it  is  combined  with  fome 
acid.  Laftly,  Arfenic  a£ts jtift  like  the  vitriolic  acid 
upon  nitre;  that  is,  it  decompounds  that  neutral 
fait,  by  expelling  its  acid  from  its  alkaline  bafis,  of 
which  it  takes  pofTelTion,  and  therewith  forms  a 
new  faline  compound. 

This  combination  is  a fpecies  of  fait  that  is  per- 
fectly neutral.  When  the  operation  is  performed 
in  a clofe  velfel,  the  fait  Ihoots  into  cryltals  in  the 
form  of  right-angled  quadrangular  prifms,  termi- 
nated at  each  extremity  by  pyramids  that  are  alfo 
quadrangular  and  right-angled ; fome  of  which 
however,  in  Head  of  ending  in  a point,  are  obtufe 
as  if  truncated.  The  confequence  is  different 
when  the  operation  is  performed  in  an  open  velfel  5 
for  then  nothing  is  obtained  but  an  alkaline  fak 
impregnated  with  Arfenic,  which  cannot  be  cryf- 
tallized.  J 


The  c a life  of  this  different  effeCt  is  that,  when 
the  Arfenic  is  once  engaged  in  the  alkaline  bafis 
or  the  nitre,  it  can  never  be  feparated  from  it  by 
the  utmoft  force  of  fire,  fo  long  as  it  is  kept  in  a 
clofe  veffel ; whereas,  if  you  expofe  it  to  the  fire 
without  that  precautibn,  it  readily  feparates  from 
it.  This  property  of  Arfenic  was  never  before 
obferved  by  any  Chymift,  and  therefore  this  our 
new  fpecies  of  Neutral  arfenical  fait  was  abfo- 
lutely  unknown  till  lately. 

This  new  fait  polfelfes  many  lingular  properties, 
the  chief  of  which  are  thefe.  Firft,  it  cannot  be 

VoitI-  H decom- 
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decompounded  by  the  intervention  of  any  acid, 
even  the  ftrongeft  acid  of  vitriol ; and  this,  joined 
to  its  property  of  expelling  the  nitrous  acid  from 
its  bafis,  (hews  that  it  has  a very  great  affinity  with 
fixed  alkalis. 

Secondly,  this  very  fait,  on  which  pure  acids 
have  no  effect,  is  decompounded  with  the  greateft 
eafe  by  acids  united  with  metallic  fubftances.  The 
reafon  of  this  phenomenon  is  curious,  and  furnifhes 
us  with  an  inftance  of  what  we  advanced  concern- 
ing double,  affinities. 

If  to  a folution  of  any  metallic  fubftance  what- 
ever, made  by  any  acid  whatever,  (except  that  of 
Mercury  by  the  marine  acid,  and  that  of  Gold  by 
aqua  regis ),  a certain  quantity  of  our  New  Salt  dif- 
folved in  water  be  added,  the  metallic  fubftance  is 
inftantaneoufiy  feparated  from  the  acid  in  which  it 
was  diffolved,  and  falls  to  the  bottom  of  the  liquor. 

All  metallic  precipitates  obtained  in  this  man- 
ner are  found  to  be  a combination  of  the  metal 
with  Arfenic  j whence  it  neceffarily  follows  that 
the  new  Neutral  Salt  is  by  this  means  decom- 
pounded, its  affenical  part  uniting  with  the  me- 
tallic fubftance,  and  its  alkaline  bafis  with  the  acid 
in  which  that  fubftance  was  diffolved. 

The  affinities  of  thefefeveral  bodies  muft  be  con* 
fidered  asoperatingon  thisoccafion  in  the  following 
manner:  The  acids  which  tend  to  decompound  the 
Neutral  Salt  of  Arfenic,  by  virtue  of  their  affinity 
with  its  alkaline  bafis,  are  not  able  to  accomplifh  it, 
becaufe  this  affinity  is  powerfully  counterafted  by 
that  which  the  Arfenic  has  with  the  fame  alkaline 
bafis,  and  which  is  equal  or  even  fuperior  to  theirs. 
But  if  thefe  acids  happen  to  be  united  with  a fub- 
ftance which  naturally  has  a very  great  affinity  with 
the  arfenical  part  of  the  Neutral  Salt,  then,  the 
two  parts  of  which  this  Salt  confifts  being  drawn 

different  ways  by  two  feveral  affinities  tending  tofe- 

parate 
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pafate  them  from  each  other,  the  Salt  will  undergo 
a decompofition, which  could  not  have  been  effeded 
without  the  help  of  this  fecond  affinity.  Now  as  me- 
tallic fubftances  have  a great  affinity  with  Arfenic,it 
is  not  furprifing  that  the  Neutral  Salt  of  Arfenic, 
which  cannot  be  decompounded  by  a pure  acid, 
ffiould  neverthelefs  yield  to  an  acid  combined  with 
a metal.  The  decompofition  of  this  Salt,therefore, 
and  the  precipitation  which  of  courfe  it  produces  in 
metallic  folutions,  are  brought  about  by  the  mean§ 
of  a double  affinity;  namely,  that  of  the  acid  with 
the  alkaline  bafis  of  the  Neutral  Salt,  and  that  of 
the  metal  with  the  arfenical  part  of  that  fait. 

_ Aifenic  has  not  the  fame  effedt  on  fea-falt  as  otjt 
nitre,  and  cannot  expel  its  acid  : a very  Angular 
phenomenon,  for  which  it  is  hard  to  affign  a&rea- 
fon  ; for  the  nitrous  acid  is  known  to  have  a 
greater  .affinity  than  the  marine  acid  with  alkalis, 
and  even  with  the  balls  of  fea-fidt  itfclf. 

Yet  Arlenic  may  be  combined  with  the  balls  of 
fea-falt,  and  a Neutral  fait  thereby  obtained,  like 
that  which  refults  from  the  decomposition  of  nitre 
y Arfenic  : but  for  that  purpofe  a quadrangular 
nitre  mull  be  firft  prepared,  and  Arfenic  applied 
thereto  as  to  common  nitre. 


The  Salt  produced  by  uniting  Arfenic  with  the 

c 1 3 very  much  Kembles  the  Neutral 

Jalt  of  Arfenic  above  treated  of,  as  well  in  the  fir 
gure  of  its  cryftals  as  in  its  feveral  properties. 

Arfenic  prefents  another  Angular  phenomenon, 
both  with  the  alkali  of  nitre  and  with  that  of  fea- 
ialt;  which  is,  that  if  it  be  combined  with  thefe 
falts  in  a fluid  ftate,  it  forms  with  diem  a faline 
compound,  quite  different  from  the  Neutral  falts 
of  arlenic  which  refult  from  the  decompofition  of 
nitrous  falts.  r ■ 


This  faline  compound,  which  I call  Liver  of  Arfer 
c > tate  up  a much  greater  quantity  of  Arfeni<? 

^ 2 than 
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than  is  neceffary  for  the  perfect  faturation  of  the 
alkali.  It  has  the  appearance  of  a glue,  which  is  fo 
much  the  thicker  the  more  Arfenic  it  contains.  Its 
fmell  is  difagreeable ; it  attracts  the  moifture  of  the 
air,  and  does  not  cryftallize ; jt  is  eafily  decom- 
pounded by  any  acid  whatever,  which  precipitates 
the  Arfenic  and  unites  with  the  alkali.  Laftly,  the 
effefts  it  produ  ces  on  metallic  folutions  are  different 
from  thole  of  our  neutral  arfenical  halts.  But  the 
bounds  which  I havefet  myfelf  in  this  treatife  will 
not  allow  me  to  be  more  particular.  Such  as  have 
the  curiofity  to  enquire  further  into  the  fubjedt  may 
confult  my  Differtations  on  Arfenic,  publifhed 
among  the  Memoirs  of  the  Academy  of  Sciences. 

Arfenic  is  eafily  reduced  to  a Regulus.  It  need 
only  be  mixed  with  any  matter  containing  the  phlo- 
gifton,  and  by  the  help  of  a moderate  heat  a true 
Regulus  will  fublime.  'this  Regulus,  as  was  faid, 
"is  very  volatile,  and  calcines  with  the  greateft  eafe  ; 
which  is  the  reafon  why  it  cannot  be.  obtained  but 
in  fmall  quantities,  and  alfo  why,  in  order  to  ob- 
tain maffes- of  it,  fome  have  thought  of  adding 
thereto  fome  metal  with  which  it  has  a great  affi- 
nity, fuch  as  Copper  or  Iron  ; becauie  by  joining 
with  the  metal  it  is  partly  fixed  and  reftiained  fiom 
flying  off.  But  it  is  plain  the  Regulus  obtained  by 
this  means  is  not  pure,  as  it  muft  partake  confi- 
derably  of  the  metal  employed. 

Arfenic  readily  unites  with  iulphur,  and  rifes 
with  it  in  a yellow  compound  called  Orpiment. 

• Sulphur  cannot  be  feparated  from  Arfenic  but 
by  the  intervention  of  two  bodies  only;  to  wit,  a 

fixed  alkali  and  Mercury. 

The  property  which  Mercury  poliefles  of  fepa- 
rating  fulphur  from  Arfenic  is  founded  on  this,  that 
thefe  two  metallic  lubftances  are  incapable  of  con- 
tracting any  union  ;jpihereas  though  mod  of  the 

other  metals  and  femi-metals  have  a greater  affinity 
o with 
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with  fulphur  than  Mercury  hath,  as  was  {hewn  in 
treating  of  the  decompofition  of  Cinabar,  nevdr- 
thelefs  the/  are  all  unable  to  decompound  Orpi- 
ment;  becaufe  fome  of  them  have  as  great  an  affi- 
nity with  Arfenic  as  with  fulphur ; others  have  no 
affinity  with  either ; and  laftly,  fulphur  hath  as 
great  an  affinity  with  Arfenic  as  with  any  of  them. 

It  mud  be  obferved  that,  if  fixed  alkalis  be  em- 
ployed to  purify  Arfenic  in  this  manner,  no  more 
muff  be  ufed  than  is  neceffary  to  abforb  the  fulphur 
or  the  phlogifton,  of  which  alfo  it  is  their  nature  to 
deprive  Arfenic ; for  otherwife,  as  it  has  been 
fhewn,  that  Arfenic  readily  unites  with  alkalis,  they 
would  abforb  a conliderable  quantity  thereof. 


CHAP.  X. 

Of  Oil  in  general. 

OI  L is  an  un&uous  body,  which  burns  and 
confumes  with  flame  and  fmoke*  and  is  not 
loluble  in  water.  It  confifts  of  the  phlogifton 
united  with  water  by  means  of  an  acid.  There  is 
moreover  in  its  compofition  a certain  proportion 
of  earth,  more  or  lefs  according  to  each  feveral 
fort  of  Oil. 

The  inflammability  of  Oil  evidently  proves  that 
it  contains  the  phlogifton.  That  an  acid  is  one  of 
itsconftituent  principles  many  experiments  demon- 
strate, of  which  thefe  are  the  chief : If  certain  Oils 
be  long  triturated  with  an  alkaline  fait,  and  the  al- 
kali afterwards  diflolved  in  water,  cryftals  of  a true 
neutral  fait  will  be  produced : fome  metals,  and 
particularly  Copper,  are  corroded  and  rufted  by 
Oils,  juft  as  they  are  by  acids : again,  acid  cryftals 
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are  found  in  fome  Oils  that  have  been  long  kept. 
This  acid  in  Oil  ferves  undoubtedly  to  unite  its 
phlogifton  with  its  water;  becaufe  thefe  two  fub- 
flances  having  no  affinity  with  each  other  cannot  be 
united  without  the  intervention  of  fuch  a medium 
as  an  acid,  which  has  an  affinity  with  both.  As  to 
the  exigence  of  water  in  Oils,  it  appears  plainly 
when  they  are  decompofed  by  repeated  diftillations, 
efpecially  after  mixing  them  with  abforbent  earths. 
Laftly,  when  an  Oil  is  deftroyed  by  burning,  a cer- 
tain quantity  of  earth  is  conftantly  left  behind. 

We  are  very  fure  that  the  abovementioned  prin- 
ciples enter  into  the  compofition  of  Oils;  for  they 
may  be  obtained  from  every  one  of  them:  but  it  is 
not  abfolutely  certain  that  they  confift  of  thele  only, 
and  that  they  do  not  contain  fome  other  principle 
which  may  efcape  our  notice  in  decompofing  them ; 
for  hitherto  it  doth  not  appear,  by  any  experiment 
we  can  depend  on,  that  Oil  was  ever  produced  by 
combining  together  the  principles  here  fpecified  : 
yet  fuch  redintegrations  are  the  only  means  we 
have  of  fatisfying  ourfelves  that  we  know  all  the 
principles  which  conftitute  a body. 

Oils  expofed  to  the  fire  in  clofe  veffieJs,pafs  over 
almoft  wholly  from  the  containing  veffiel  into  any 
other  applied  to  receive  them.  There  remains, 
however,  a fmall  quantity  of  black  matter,  which 
,is  extremely  fixed, and  continues  unalterable  as  long 
as  it  hath  no  communication  with  the  external  air, 
be  the  force  of  the  fire  ever  fo  violent.  This  matter 
is  no  other  than  part  of  the  phlogifton  of  the  Oil 
united  with  its  moft  fixed  and  grofleft  earth;  and 
this  is  what  we  called  Char  coaly  or  plainly  a CoaL 

§.  I.  Of  Charcoal. 

When  Oil  happens  to  be  united  to  much  earth, 
as  it  is  in  vegetable  and  animal  bodies,  it  leaves 
a confiderable  quantity  of  Coal  or  Charred  matter. 

‘ This 
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This  Coal,  expofed  to  the  fire  in  the  open  air, 
burns  and  wades,  but  without  blazing  like  other 
combuftible  matters : there  appears  only  a fmall 
blueifh  flame,  but  not  the  lead  fmoke.  Mod  com- 
monly it  only  glows  and  fparkles,  and  fo  gradually 
falls  into,  afhes,  which  are  nothing  but  the  earth  of 
the body,combined with  an  alkaline  fait  in  burning. 
This  alkaline  fait  may  be  feparated  from  the  earth, 
by  lixiviating  the  afhes  with  water, which  diflfolves 
all  the  fait,  and  leaves  the  earth  quite  pure. 

Charcoal  is  unalterable  and  indedrudible  by 
any  other  body  but  fire;  whence  it  follows,  that 
when  it  is  not  adually  kindled  and  ignited,  the 
molt  powerful  agents,  fuch  as  the  acids,  though 
ever  fo  ftron^  and  concentrated,  have  not  the  lead 
cifed  on  it. 

The  cafe  is  otherwife  when  it  is  lighted,  that  is, 
when  its  phlogidon  begins  to  leparate  from  its  earth ; 
for  then  the  pure  acid  of  vitriol  being  joined  there- 
with contracts  an  indantaneous  union  with  its  phlo- 
gidon, and  evaporates  in  a volatile  fulphureous 
fpirit.  If  the  vitriolic  acid,  indead  of  being  applied 
jquite  pure,  be  fird  clogged  with  fome  bafis,  efpe- 
cially  an  alkaline  one,  it  quits  that  bafis,  enters  into 
a more  intimate  union  with  the  phlogidon  of  the 
burning  Coal,  and  fo  forms  an  adqal  fulphur,  with 
which  the  alkali  now  unites  and  forms  a hepar. 

The  pure  acid  of  fea-falt  hath  not  been  obferved 
to  ad  in  the  lead  upon  Charcoal,  efpecially  when 
it  is  not  qn  fire.  But  when  this  acid  is  incorporated 
with  an  alkaline  or  metallic  bafis,  and  combined 
according  to  a peculiar  procefs  with  burningChar- 
coal,  it  in  }ike  manner  quits  its  bafis,  unites  with 
the  phlogidon,  and  therewith  forms  a Phofphorus, 
of  which  we  have  already  taken  notice. 

Nor  has  the  pure  nitrous  acid  any  eded  on  a 
charred  Coal,  even  when  igqited:  and  fo  far  is  it 
from  being  able  to  kindle  a cold  one,  that  when 
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poured  on  a live  one,  it  extinguifhes  it  like  water. 
But  when  this  acid  is  united  with  a bafis,  it  quits 
it  rapidly  as  foon  as  it  touches  a burning  coal,  and 
rufhes  violently  into  an  union  with  the  phlogifton 
thereof.  From  this  union  there  probably  arifes,  as 
we  faid  before,  a kind  of  fulphur  or  phofphorus, 
which  is  fo  inflammable  as  to  be  deftroyed  by  the 
fire  the  very  moment  it  is  generated. 

The  acids  of  nitre  and  vitriol  a£t  upon  Oils; 
but  very  differently,  according  to  the  quantity  of 
phlegm  they  contain.  If  they  be  weakened  with 
much  water,  they  have  no  effedt  at  all  upon  Oils  ; 
if  they  contain  little  water,  or  be  dephlegmated  to 
a certain  degree,  they  diffolve  them  with  heat,  and 
with  them  form  compounds  of  a thick  confidence. 
Acids  thus  combined  in  a confiderable  proportion 
with  Oils  render  them  foluble  in  water. 

§.  II.  Of  S o A p. 

Alkalis  alfo  have  the  fame  property.  When 
an  Oil  is  combined  with  an  acid  or  an  alkali  in 
fuch  a manner  that  the  compound  refolding  from 
their  union  is  foluble  in  water ; fuch  a compound 
may  in  general  be  called  a Soap.  Soap  itfelf  hath 
the  property  of  rendering  fat  bodies  in  fome  mea- 
fure  foluble  in  water  ; on  which  account  it  is  very 
ufeful  for  fcouring  or  cleanfing  any  thing  greafy. 

Oily  and  faline  fubftances,  combined  together, 
obferve  the  fame  general  rules  as  all  other  combi- 
nations ; that  is,  they  mutually  communicate  the 
properties  belonging  to  each  thus  Oils,  which 
naturally  are  not  foluble  in  water,  acquire  by  their 
union  with  faline  matters  the  property  of diflfolvinoj 
therein  ; and  falts  lofe  by  their  conjunction  with 
Oils  part  of  their  natural  tendency  to  incorporate 
with  water;  fo  that  while  they  ferve  to  conffitute 
Soap,  they  do  not,  as  before,  attradl  the  moiflure 
pf  the  air,  &V.  and  in  like  manner,  as  they  are  not 

inflam- 
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inflammable,  they  confiderably  lefien  the  inflam- 
mability of  the  Oils  combined  with  them. 

Acid  Soaps  are  decompounded  by  alkalis,  as  al- 
kaline Soaps  are  by  acids,  according  to  the  general 
rules  of  affinities. 

The  acids  of  nitre  and  vitriol,  when  highly  con- 
centrated, diffolve  Oils  with  fuch  violence  as  to 
heat  them,  make  them  black,  burn  them,  and 
even  fet  them  on  fire.  Plow  fea-falt  affeds  Oils 
is  not  yet  fufficiently  afcertained. 

All  Oils  have  the  property  of  dilTolving  ful- 
phur  ; which  is  not  at  all  furprifing,  feeing  each  of 
its  component  principles  hath  an  affinity  with  Oil. 

* It  is  alfo  a property  common  to  all  Oils  to  be- 
come more  fluid,  fubtile,  light,  and  limpid  the 
oftener  they  are  diftilled.  On  the  contrary,  by 
being  incorporated  with  faline  fubftances  they  ac- 
quire a greater  confiftence,  and  fometimes  form 
compounds  that  are  almoft  folid. 


CHAP.  XI. 

• , 1 

Of  the  fever  al  Sorts  of  Oils. 

OILS  are  diftinguifhed  by  the  fubflances 
from  which  they  are  drawn  : and  as  Oils  are 
extraded  from  minerals,  from  vegetables,  and 
from  animals,  there  are  of  courfe  Mineral,  Vege- 
table, and  Animal  Oils.  > 

§.  I.  Of  Miner  al  Oils. 

In  the  bowels  of  the  earth  we  find  but  one  fort 
of  Oil,  called  Petroleum:  its  fmell  is  llrong  and  not 
diiagreeable,  and  its  colour  fometimes  more  fome- 
times 
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times  lefs  yellow.  There  are  certain  mineral  fob- 
dances  which  yield  by  diftillation  a great  deal  of 
Oil  very  like  Petroleum.  This  fort  of  fubftance 
is  called  a Bitumen , and  is,  indeed,  nothing  but  an 
Oil  rendered  confident  andfolid  by  beingcombined 
"with  an  acid;  as  appears  from  hence,  that  by  unit^ 
ing  Petroleum  with  the  acid  of  vitriol  we  can  pro- 
duce an  artificial  Bitumen  very  like  the  native, 

II.  Of  Vegetable  Oils. 

Vegetable  fiubftances  yield  a very  great  quan- 
tity and  variety  of  Oils  : for  there  is  not  a plant, 
or  part  of  a plant,  that  does  not  contain  one  or 
more  forts  thereof,  generally  peculiar  to  itfelf,  and 
different  from  all  others. 

By  expreffion  only,  that  is,  by  bruifmg  and 
fqueezing  vegetable  fubflances,  particularly  certain 
fruits  and  feeds,  a fort  of  Oil  is  obtained  which  has 
fcarce  any  fmell  qr  tafte.  Oils  of  this  fort  are  very 
mild  and  undtuous ; and,  becaufe  in  this  refpedt 
they  refemble  animal  fit  more  than  the  reft  do, 
they  are  called  Fat  Oils. 

Thefe  Oils,  being  expofed  to  the  air  for  fome 
time,  fooner  or  later  grow  thick,  acquire  an  acrid 
tafte,  and  a ftrong  difagreeable  fmell.  Some  of 
them  congeal  with  the  fmalleft  degree  of  cold. 
This  fort  of  Oil  is  well  adapted  to  diflblve  thofe 
preparations  of  Lead  called  Litharge  and  Minium, 
with  which  they  form  a thick  tenacious  fubftance, 
that  is  u fed  for  the  bafis  of  almoft  all  plaifters. 
They  alfo  diflblve  Lead  in  its  metalline  form;  but 
not  fo  eaflly  as  the  forts  of  calx  abovementioned  ; 
probably  becaufe  its  body  is  not  fo  much  opened, 
nor  its  parts  fo  divided. 

By  expreffion  alone  we  alfo  procure  from  certain 
vegetable  fubflances  another  iort  of  Oil,  which  is 
thin,  limpid,  volatile,  of  a pungent  tafte,  and  re- 
tains the  fmell  of  the  vegetable  that  yielded  it;  on 

which 
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which  account  it  is  called  an  EJJ'ential  Oil.  Of  this 
there  are  feveral  forts,  differing  from  one  another 
like  the  Fat  Oils,  according  tp  the  fubje&s  from 
which  they  are  obtained. 

We  mull  obferve  that  it  is  very  diffipult,or  rather 
in  mod  cafes  impofiible,  to  force  from  the  greateft 
part  of  vegetables,  by  expreffion  only,  all  the  effen- 
tial  Oil  they  contain.  For  this  purpofe  therefore  re- 
courle  mu  ft  be  had  to  fire  : a gentle  heat,  not  ex- 
ceeding that  of  boiling  water,  will  extrad  all  the 
effential  Oils  of  vegetables ; and  this  is  the  mod 
ufual  and  moft  convenient  way  of  procuring  them. 

The  fat  Oils  cannot  be  obtained  by  tfte  fame  me- 
thod: thefe  being  much  lefs  volatile  than  the  eflen- 
tial  Oils  require  a much  greater  degree  of  heat  to 
raife  them ; which  neverthelefs  they  cannot  bear 
without  being  much  fpoiled  and  entirely  changed  in 
their  nature,  as  ftiall  prefently  be  fhewn.  All  Oils, 
therefore,which  rife  with  the  heat  of  boiling  water, 
and  fuch  alone,  fhould  be  called  Effentiafoils. 

Effential  Oils,  in  a longer  or  fhorter  time,  ac- 
cording to  the  nature  of  each,  lofe  their  fragrant 
fmell  they  had  when  newly  diftilled,  and  acquire 
another,  which  is  ftrong,  rancid,  and  much  lefs 
agreeable  : they  alfo  lofe  their  tenuity,  becominop 
thick  and  vilcid  ; and  in  this  ftate  they  greatly  re- 
femble  thofe  fubftances  abounding  in  Oil  which 
flow  from  certain  trees,  and  which  are  called  BaU 

Jams  °r  refins,  according  as  they  are  lefs  or  more 
confident. 

Balfams  and  Refins  are  not  foiuble  in  water. 
Lut  there  are  other  Oily  compounds  which  like- 
wife  run  from  trees  ; and,  though  not  unlike  Re- 
ims, are  however  foiuble  in  water.  Thefe  are  called 
Owns ; and  their  property  of  differing  in  water 

falf  than  W 'hel1' conwlninS  water  and  more 
fait  than  Refins  have;  or  at  lead  their  faline  parts 

are  lsfs  clogged  and  more  difenga^ed  F 
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Balfams  and  Refins  diftilled  with  the  heat  of 
, boiling  water  yield  great  quantities  of  a limpid, 
fubtile,  odoriferous,  and,  in  one  word,  effential 
Oil.  In  the  ftill  there  remains  afubftance  thicker 
and  more  confiftent  than  the  Balfam  or  Refin  was 
before  diftillation.  The  fame  thing  happens  to 
effential  Oils  which  by  length  of  time  have  ac- 
quired a confidence  and  are  grown  refinous.  If 
they  be  rediftilled,  they  recover  their  former  tenui- 
ty, leaving  behind  them  a remainder  thicker  and 
more  refinous  than  they  themfelves  were.  This  fe- 
cond  diftillation  is  called  the  Rectification  of  an  Oil. 

It  muft  be  obferved  that  an  effential  Oil,  com- 
bined with  an  acid  ftrong  enough  to  diffolve  it, 
immediately  becomes  as  thick  and  refinous,  in 
confequence  of  this  union,  as  if  it  had  been  long 
expofed  to  the  air : which  proves  the  confidence 
an  Oil  acquires  by  long  keeping  to  be  owing  to 
this,  that  its  lighted  and  lefs  acid  parts  being  eva- 
porated, the  proportion  of  its  acid  to  the  remain- 
der is  fo  increafed,  that  it  produces  therein  the 
fame  change,  as  an  additional  acid  mixed  with  the 
Oil  would  have  wrought  before  the  evaporation. 

This  alfo  fhews  us  that  Balfams  and  Redns  are 
only  effential  Oils  combined  with  a great  propor- 
tion of  acid,  and  thereby  thickened. 

If  vegetable  fubftances,  from  which  no  more 
effential  Oil  can  be  drawn  by  the  heat  of  boiling 
water,  be  expofed  to  a ftronger  heat,  they  yield  an 
additional  quantity  of  Oil ; but  it  is  thicker  and 
heavier  than  the  effential  Oil.  Thefe  Oils  are 
black,  and  have  a very  difagreeable  burnt  fmell, 
which  hath  made  them  be  called  Fetid , or  Empy- 
r eumatic  Oils.  They  are  moreover  very  acrid. 

It  muft  be  obferved  that,  if  a vegetable  lub- 
ftance  be  expofed  to  a degree  of  heat  greater  than 
that  of  boiling  water,  before  the  fat  or  the  effential 
Oil  is  extracted  from  it,  an  empyreumatic  Oil 

only 
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only  will  then  be  obtained ; becaufe  both  the  fat 
and  eflential  Oils,  when  expofed  to  the  force  of 
fire,  are  thereby  burnt,  rendered  acrid,  acquire  a 
fmell  of  the  fire,  and,  in  a word,  become  truly 
empyreumatic.  There  is  ground  to  think  that  an 
empyreumatic  Oil  is  nothing  elfe  but  an  eflential 
or  fat  Oil  burnt  and  fpoiled  by  the  fire,  and  that 
no  other  Oil  befides  thefe  two  exifts  naturally  in 
vegetables. 

Empyreumatic  Oils,  diftilled  and  resided  feve- 
ral  times  by  a gentle  heat,  acquire  by  every  diftil- 
lation  a greater  degree  of  tenuity,  lightnefs,  and 
limpidity.  By  this  means  alfo  they  lofe  fomething 
of  their  difagreeable  odour;  fo  that  they  gradual- 
ly come  nearer  and  nearer  to  the  nature'  of  elfential 
Oils:  and  if  the  rectifications  be  often  enough  re- 
peated, ten  or  twelve  times  for  inftance,  they  be- 
come perfectly  like  thofe  Oils  ; except  that  their 
fmell  will  never  be  fo  agreeable,  nor  like  that  of 
the  fubftances  from  which  they  were  obtained. 

Fat  Oils  may  alfo  be  brought  by  the  fame  means 
to  referable  eflential  Oils:  but  neither  eflential  nor 
empyreumatic  Oils  are  capable  of  acquiring  the 
properties  of  fat  Oils. 

§.  III.  Of  Animal  Oils. 

Distill ation  procures  ils  conflderable  quan- 
tities of  Oil  from  all  the  parts  of  animal  bodies, 
and  elpecially  from  their  fat.  This  Oil  at  firft  is 
not  very  fluid,  and  is  extremely  fetid : but  by 
many  rectifications  it  gradually  acquires  a great 
degree  of  clearnefs  and  tenuity,  and  at  the  fame 
time  lofcs  much  of  its  difagreeable  odour.  Ani-. 
mal  Oils,  thus  rendered  thin  and  fluid  by  a great 
number  of  rectifications,  have  the  reputation  of 
being  an  excellent  medicine,  and  a fpecific  in  the 
epilepfy, 
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chap.  xii. 

Of  Fe  r m e n t at  ion  m general. 

BY  Fermentation  is  meant  an  inteftine  motion, 
which,  arifing  fpontaneoufiy  among  the  in- 
ienfible  parts  of  a body,  produces  a new  dlfipofi- 
tion  and  a different  combination  of  thofe  parts. 

To  excite  a Fermentation  in  a mixt  body  it  is 
tieceffary  firft,  that  there  be  in  the  compofftion  of 
that  mixt  a certain  proportion  of  watery,  faline, 
oily,  and  earthy  parts  : but  this  proportion  is  not 
yet  fufcicntly  afcertained.  Secondly,  it  is  requi- 
re that  the  body  to  be  fermented  be  placed  in  a 
certain  degree  of  temperate  heat : for  much  cold 
obftrudls  fermentation;  and  too  much  heat  de- 
compofes  bodies.  Laftly,  the  concurrence  of  the 
air  is  alfo  neceffary  to  fermentation. 

All  vegetable  and  animal  fubftances  are  fufcep- 
tible  of  Fermentation,  becaufe  all  of  them  contain 
in  a due  proportion  the  principles  above  fpecified. 
However,  many  of  them  want  the  proper  quantity 
of  water,  and  cannot  ferment  while  they  remain  in 
fuch  a date  of  drynefs.  But  it  is  eafy  to  fupply 
that  defedl,  and  fo  render  them  very  apt  to  fer- 
ment. 

With  refpedt  to  minerals  properly  fo  called, 
(that  is,  excluding  fuch  vegetable  and  animal  fub- 
ftances as  may  have  lain  long  buried  in  the  earth,) 
they  are  not  fubjedt  to  any  Fermentation ; at  leaft 
that  our  fenfes  can  perceive. 

There  are  three  forts  of  Fermentation,  diftin- 
guifhcd  from  one  another  by  their  feveral  produc- 
tions. 1 he  firft  produces  wines  and  fpirituous 
liquors ; for  which  reafon  it  is  called  the  Vinous 

or 
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or  Spirituous  Fermentation:  the  refult  of  the  fe- 
cond  is  an  acid  liquor ; and  therefore  it  is  called 
the  Acetous  Fermentation  : and  the  third  generates 
an  alkaline  fait;  which,  however,  differs  from  the 
alkaline  falts  hitherto  treated  of,  in  this  refped 
chiefly  that,  inftead  of  being  fixed,  it  is  extremely 
volatile:  this  laft  fort  takes  the  name  of  the  Putrid 
or  Putrefactive  Fermentation.  We  fhall  now  con- 
fid  er  thefe  three  forts  of  Fermentation  and  their 
effects  a little  more  particularly. 

Thefe  three  forts  of  Fermentation  may  take 
place  fuccefiively  in  the  fame  fubjeeff;  which  proves 
them  to  be  only  three  different  degrees  of  fermen- 
tation, all  proceeding  from  one  and  the  fame  caufe, 
rather  than  three  diftinct  fermentations.  Thefe 
degrees  of  fermentation  always  follow  the  order 
in  which  we  have  here  placed  them. 


Of  the  Spirituous  Fermentation. 
HE  juices  of  almoft  all  fruits,  all  faccharine 


vegetable  matters,  all  farinaceous  feeds  and 
grains  off  every  kind,  being  diluted  with  a fufficient 
quantity  of  water,  are  proper  fubje&s  of  Spiritu- 
ous Fermentation.  If  fuch  liquors  be  expofed,  in 
veffels  (lightly  ftopped,  to  a moderate  degree  off 
heat,  they  begin  in  fome  time  to  grow  turbid ; 
there  arifes  -infenfibly  a fmall  commotion  among 
their  parts,  attended  with  a hiding  noife ; this  by 
little  and  little  increafes,  till  the  grofler  parts  ap-' 
pear,  like  little  feeds  or  grains,  moving  to  and  fro, 
agitated  among  themfelves,  and  thrown  up  to  the 
lur/ace.  At  the  lame  time  iome  air  bubbles  rife. 
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and  the  liquor  acquires  a pungent,  penetrating 
ffnell,  occafioned  by  the  very  fubtile  vapours 
which  exhale  from  it. 

Thefe  vapours  have  never  yet  been  collected,  in 
order  to  examine  their  nature;  and  they  are  known 
only  by  their  noxious  effeCts.  They  are  fo  actively 
pernicious,  that  if  a man  comes  ralhly  into  a clofe 
place,  where  large  quantities  of  liquors  are  fer- 
menting, he  fuddenly  drops  down  and  expires,  as 
if  he  were  knocked  on  the  head. 

When  thefe  feveral  phenomena  begin  to  go  off, 
it  is  proper  to  flop  the  fermentation,  if  a very  rPi- 
rituous  liquor  be  required:  for  if  it  be  buffered  to 
continue  longer,  the  liquor  will  become  acid,  and 
from  thence  proceed  to  its  laft  ftage,  that  is,  to 
putrefaction.  This  is  done  by  flopping  the  con- 
taining veffels  very  clofe,  and  removing  them  into 
a cooler  place.  Then  the  impurities  precipitate, 
and  fettling  at  the  bottom  leave  the  liquor  clear 
and  tranfparent : and  now  the  palate  difcovers 
that  the  fweet  faccharine  tafte  it  had  before  fer- 
mentation is  changed  to  an  agreeable  pungency 
which  is  not  acid. 

Liquors  thus  fermented  aje  in  general  called 
Wines  : for  though  in  common  life  that  word  pro- 
perly fignifies  the  fermented  juice  of  grapes  only, 
and  particular  names  are  given  to  the  fermented 
juices  of  other  vegetable  lubflances ; as  that  ob- 
tained from  Apples  is  called  Cyder-,  that  made  from 
malt  is  called  Beer  : yet  in  Chymiflry  it  is  of  ufe  to 
have  one  general  term  denoting  every  liquor  that 
has  undergone  this  firfl  degree  of  fermentation. 

By  diflillation  we  draw  from  Wine  an  inflam- 
mable liquor,  of  a yellowifh  white  colour,  light, 
and  of  a penetrating,  pleafant  fmell.  This  liquor 
is  the  truly  fpirituous  part  of  the  wine,  and  the 
produCl  of  fermentation.  That  which  comes  oft  in 
the  firft  diflillation  is  commonly  loaded  with  much 

phlegm 


Theory  of  Chymistry.  113 

phlegm  and  fame  oily  parts,  from  which  it  may  be 
afterwards  freed.  In  this  Hate  it  goes  by  the  name 
of  Brandy  ; but  when  freed  from  thefe  heterop-e- 
neous  matters  by  repeated  diftillations,  it  becomes 
ftill  clearer,  lighter,  more  fragrant,  and  much  more 
inflammable,  and  then  is  called  Spirit  of  Wine,  and 
Reefed  Spirit  of  Wine,  or  an  Ardent  Spirit , if  cori- 
fiderably  purified.  The  properties  which  diftin- 
gui£h  an  Ardent  Spirit  from  all  other  fubftances 
are  its  being  inflammable,*  its  burning  and  con- 
fuming  entirely,  without  the  leaf  appearance  of 
Artoke  or  fuliginofity  j its  containing  no  particles 
reducible  to  a coal ; and  its  being  perfectly  mifci- 
ble  with  water.  Ardent  Spirits  are  lighter  and 
more  volatile  than  any  of  the  principles  of  the 
mixts  from  which  they  were  produced,  and  con- 
fequently  more  fo  than  the  phlegm,  the  acid,  and 
the  oil  of  which  they  themfelves  conflfl.  This 
arifes  from  a particular  difpofition  of  thefe  princi- 
ples, which  are  in  a Angular  manner  attenuated  by 
fermentation,  and  thereby  rendered  more  fufcepti- 
ble  of  expanfion  and  rarefadion. 

Ai  dent  Spirits  are  fuppofed  to  be  the  natural  fol- 
vents  of  oils  and  oily  matters.  But  it  is  very  re* 
markable  that  they  difTolve  effential  oils  only, 
without  touching  the  fat  of  animals,  or  the  fat  oils 
obtamed  from  vegetables  by  expreflion  j yet  when 
theie  oils  have  once  undergone  the  adion  of  fire 
they  become  foluble  in  fpirit  of  wine,  and  even  ac- 
qmre  a nevv  degree  of  folubility  every  time  they 
are  difhlled.  It  is  not  fo  with  effential  oils,  which 
can  never  be  rendered  more  fbluble  in  ardent  fpirits 
than  they  are  at  flrft;  and  are  fo  far  from  acquiring 
a new  degree  of  folubility  every  time  they  aredif? 

r[rl 7 r lau  °n  the  contrary  they  even  in  fome  mea- 
lure  Jole  that  property  by  repeated  rediflcations. 

1,LhrVertake1n  fome  Palns  t0  find  out  the  caufes 
of  thefe  Angular  effeds,  and  the  refultof  my  en- 

VoL-  L 1 quiries 
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quiries  is  publifhed  among  the  Memoirs  of  the 
Academy  of  Sciences  for  the  year  1745.  I there- 
in confider  ardent  fpirits  as  confiding  of  an  oil,  or 
at  lead  a phlogidon,  mixed  with  a portion  of  wa- 
ter, in  which  it  is  rendered  foluble  by  means  of  an 
acid.  This  being  laid  down,  1 fhew  that  the  ina- 
bility of  fpirit  of  wine  to  didblve  fome  oils  mud  be 
imputed  to  its  aqueous  part,  in  which  oils  are  not 
naturally  foluble  without  the  intervention  of  a 
fait:  and  that  the  power  which  this  fpirit  exerts 
in  diffolving  other  oils  with  eafe,  fuch  as  effential 
oils,  mud  in  all  probability  be  owing  to  this,  that 
in  thefe  oils  it  meets  with  the  neceffary  faline  me- 
dium, that  is,  with  an  acid,  which  numberlefs  ex- 
periments fhew  they  actually  contain. 

On  the  other  hand,  I there  prove  that  the  acid 
in  effential  oils  is  fuperabundant,  and  in  fome  fort 
foreign  to  their  nature,  or  that  it  is  but  (lightly 
connected  with  them,  and  in  pait  defeits  them 
every  time  they  are  diddled;  which  renders  them 
lefs  foluble  after  every  new  rectification : whereas, - 
on  the  contrary,  the  fat  expreffed  oils  in  their  na- 
tural date  give  not  the  lead  fign  of  acidity  ; but 
the  a6tion  of  fire  upon  them  difcovers  an  acid  which 
was  not  perceivable  before.  Hence  I conjecture 
that  thefe  oils  contain  no  more  acid  than  is  juu  ne- 
eeffary  to  conditute  them  oils;  that  this  acid  is  in- 
timately blended  with  their  other  component 
parts  ; that  it  is  fo  fheathed  and  entangled  by  thefe 
parts  as  to  be  incapable  of  exerting  any  of  ns  pro- 
perties ; and  that  on  this  account  thefe  oils  in  them 
natural  date  are  not  foluble  in  fpirit  of  wine : but 
that  the  difpofition  of  their  parts  being  gradually 
changed  by  the  fire,,  and  their  acid,  being  by  that 
means  fet  more  and  more  at  liberty,  at  length  re- 
covers its  properties,  and  particularly  that  of  ren- 
dering the  oily  parts  foluble  in  an  aqueous  men- 

druum  : and  hence  it  follows  that  the  fat  oils  be- 
come- 
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come  fo  much  the  more  foluble  in  fpirit  of  wine 
the  oftener  they  are  expoied  to  the  adtion  of  fire." 

Spirit  of  wine  doth  not  diffolve  fixed  alkalis;  or 
at  kaft  it  takes  up  but  a very  fmall  quantity  there- 
of; and  hence  ardent  fpirits  may  be  freed  from 
much  of  their  phlegm  by  means  of  thefe  fairs  tho- 
roughly dried:  for  as  they  ftrongly  imbibe  moif- 
ture,  and  have  even  a greater  affinity  than  ardent 
fpirits  with  water,  if  a fixed  alkali,  well  exficcated, 
be  mixed  with  fpirit  of  wine  that  is  not  perfectly 
dephlegmated,  the  alkali  immediately  attracts  its 
Superfluous  moifture,  and  is  thereby  refolved  into 
a liquor,  which  on  account  of  its  gravity  defcends 
to  the  bottom  of  the  veffel.  The  fpirit  of  wine, 
which  fwims  at  top,  is  by  this  means  as  much  de- 
phlegmated, and  as  dry,  as  if  it  had  been  resided 
by  Several  diftillations.  As  it  takes  up  Some  al- 
kaline particles  in  this  operation,  it  is  thereby 
qualified  to  diffolve  oily  matters  with  the  greater 
facility.  When  rectified  in  this  manner  it  is  called 
Alcoholized  Spirit  of  JVine. 

Yet  fpirit  of  wine,  even  when  rectified  to  an  al- 
cohol, is  not  capable  of  diffolving  all  oily  matters, 
Thofe  named  Gums  will  by  no  means  enter  into 
any  fort  of  union  therewith j but  it  readily  diffolves 
moft  of  thofe  which  are  known  by  the  appellation 
of  Refins.  When  it  has  diffolved  a certain  pro- 
p°rtion  of  refinous  particles  it  acquires  a greater 
commence,  and  forms  what  is  called  a Spirit-Var- 
nijh,  or  a Drying  Varnifh , becaufe  it  foon  dries. 
Th,s  Varnifh  is  fubjedt  to  be  damaged  by  water. 
Many  forts  thereof  are  prepared, differing  from  each 
other  according  to  the  different  refins  employed  or 
the^proportions  in  which  they  are  ufed.  Moft  of 
the.e  Varni flies  are  transparent  and  colourl-efs 

ronrh  .TT  °f  refinS.> as  rPiric  of  wine  will  not 
touch,  are  diffolved  in  oils,  by  means  of  fire,  and 

then  foim  another  kind  of  Varnifh, which waterdoes 
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not  hurt.  Thefe  Varnifhes  are  ufually  coloured, 
and  require  much  longer  time  to  dry  than  the 
Spirit- Varnifhes : they  are  called  Oil-Varnijhes. 

Spirit  of  wine  hath  a much  greater  affinity  with 
water  than  with  oily  matters : and  therefore  if  a 
folution  of  any  oil  or  refin  in  fpirit  of  wine  be 
mixed  with  water,  the  liquor  immediately  grows 
turbid,  and  acquires  awhitiffi  milky  colour,  owing 
entirely  to  the  oily  parts  being  feparated  from  the 
fjpirituous  menftruum  by  the  acceffion  of  water, 
and  too  finely  divided  to  appear  in  their  natural 
form.  But  if  the  liquor  Band  fome  time  quiet, 
feveral  of  thefe  particles  unite  together,  and  gra- 
dually acquire  a bulk  fufficient  to  render  them 
very  perceptible  to  the  eye. 

Acids  have  an  affinity  with  fpirit  of  wine,  and 
may  be  combined  with  it.  By  this  union  they  lofe 
mold  of  their  acidity,  and  on  that  account  are  faid 
to  be  Dulcified.  But  as  thefe  combinations  of  acids, 
efpecially  of  the  vitriolic  acid,  with  fpirit  of  wine, 
furniffi  fome  new  productions  of  very  fingular  pro- 
perties, and  as  an  examination  thereof  may  throw 
much  light  on  the  nature  of  ardent  fpirits,  it  will 
not  be  amifs  to  take  notice  of  them  in  this  place,  •* 
and  confider  each  of  them  particularly. 

One  part  of  highly  concentrated  oil  of  vitriol 
being  mixed  with  four  parts  of  well  dephlegmated 
fpirit* of  wine,  there  arifes  immediately  a confider- 
able  ebullition  and  effervefcence,  attended  with 
o-reat  heat,  and  abundance  of  vapours,  which  fmell 
pl’eafa  fitly,  but  are  hurtful  to  the  lungs.  At  the 
fame  time  is  heard  a hiding  like  that  produced  by  a 
piece  of  red-hot  iron  plunged  into  water.  Indeed 
it  is  proper  to  mix  the  liquors  very  gradually  j for 
otherwife  the  veffels  in  which  the  operation  is  per- 
formed will  be  in  great  danger  of  breaking.  _ 

If  the  two  liquors  thus  mixed  be  diftilled  vvith  a 

very  gentle  heat,  there  rifes  firft  a fpirit  of  wine  of 
' ° r a molt 
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a mod  penetrating  and  grateful  odour:  when  about 
half  thereof  is  come  over,  what  follows  has  a quicker 
and  more  fulphureous  fmell,and  is  alfo  more  loaded 
with  phlegm.  When  the  liquor  begins  to  boil  a 
little,  there  comes  off  a phlegm  which  fmells  very 
ftrong  of  fulphur,  and  grows  gradually  more  acid. 
On  this  phlegm  floats  a fmall  quantity  of  a very 
light  and  very  limpid  oil.  In  the  ftill  there  remains 
a thick,  blackifh  fubftance,  lomewhat  like  a refin 
or  bitumen.  From  this  fubftance  may  be  feparated 
a good  deal  of  a vitriolic  but  fulphureous  acid. 
When  that  is  extracted,  there  remains  a black  mafs 
like  a charred  coal,  which  being  .put  into  a cruci- 
ble, and  expofed  to  a violent  heat,  leayes  a fmall 
portion  of  earth,  very  fixed,  and  even  vitrifiable. 

By  rectifying  the  ardent  fpirit,  which  came  over 
in  diftilling  the  abovementioned  mixture,  a very 
Angular  liquor  is  obtained,  which  differs  effentially 
both  from  oils  and  from  ardent  fpirits,  though  in 
certain  refpeCts  it  refembles  them  both.  This 
liquor  is  known  in  Chymiftry  by  the  name  of 
Ather , and  its  chief  properties  are  as  follow. 

Aother  is  lighter,  more  volatile,  and  more  in- 
flammable, than  the  moft  highly  rectified  fpirit  of 
wine.  It  quickly  flies  off  when  expofed  to  the 
air,  and  fuddenly  catches  fire  when  any  flame  ap- 
proaches it.  It  burns  like  fpirit  of  wine  without 
the  leaft  fmoke,  and  confumes  entirely  without 
leaving  the  fmalleft  appearance  of  a coalor  of  afhes. 
It  diffol  ves  oils  and  oily  matters  with  great  eafe  and 
rapidity.  Thefe  properties  it  has  in  common  with 
an  ardent  fpirit.  But  it  refembles  an  oil  in  that  it 
is  not  mifcible  with  water;  and  this  makes  it  effen- 
tially  different  from  fpirit  of  wine,  the  nature  of 
which  is  to  be  mifcible  with  all  aqueous  liquors. 

Another  very  Angular  property  of  ATher  is  its 
great  affinity  with  gold,  exceeding  even  that  of  aqua 
regis.  It  does  not  indeed  diifolve  gold  when  in  a 

I 3 mafs. 
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mafs,  and  in  its  metalline  form  : but  if  a fmall 
quantity  of  iEther  be  added  to  a folution  of  gold 
in  aqua  regis , and  the  whole  fhaken  together,  the 
gold  feparates  from  the  aqua  regis,  joins  the  iEther, 
and  remains  diflblved  therein. 

• The  reafon  of  all  the  phenomena  above-men- 
tioned, refulting  from  the  mixture  of  fpirit  of  wine 
with  oil  of  vitriol,  is  founded  on  the  great  affinity 
between  this  acid  and  water.  For  if  the  vitriolic 
acid  be  weak, and  as  it  were  over-dofed  with  watery 
parts,  neither  oil  nor  iEther  can  be  obtained  by 
means  thereof:  but  when  highly  concentrated,  it 
attracts  th<j  aqueous  parts  very  powerfully ; and 
therefore  being  mixed  with  fpirit  of  wine,  lays  hold 
of  moll  ot  the  water  contained  in  it,  and  even  robs 
it  of  fome  portion  of  that  which  is  effential  to  its 
nature,  and  neceffary  to  conftitute  it  fpirit  of  wine  : 
whence  it  comes  to  pafs  that  a certain  quantity  of 
the  oily  particles  in  its  compofition  being  feparated 
from  the  watery  particles,  and  fo  brought  nearer 
to  each  other,  they  unite  and  affume  their  natural 
form  ; and  thus  the  oil  that  fwims  at  top  of  the 
fulphureous  phlegm  is  produced. 

The  vitriolic  acid  moreover  thickens  and  even 
burns  fome  of  this  oil ; and  hence  comes  the  bitu- 
minous refiduum  left  at  the  bottom  of  the  Hill, 
which  looks  like  the  refult  of  a vitriolic  acid  com- 
bined with  common  oil.  Laftly,  the  vitriolic  acid 
becomes  fulphureous, as  it  always  doth  when  united 
with  oily  matters,  and  alfo  very  aqueous,  on  ac- 
count of  the  quantity  of  phlegm  which  it  attracts 
from  the  fpirit  of  wine. 

iEther  may  be  confidered  as  a fpirit  of  wine  ex- 
ceedingly depnlegmated,oven  to  fuch  a degree  that 
its  nature  is  thereby  changed ; fo  that  the  few 
aqueous  particles  left  in  it  are  not  lufficient  to  dif- 
folve  the  oily  particles  and  keep  them  afunder ; 
which  therefore  being  now  much  nearer  to  one 

another 
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another  than  in  common  fpirit  of  wine,  the  liquor 
hath  loft  its  property  of  being  mifcible  with  water. 

Spirit  of  nitre  well  dephlegmated,  and  com- 
bined with  fpirit  of  wine,  prefents  likewife  fome 

very  lingular  appearances. 

Firft,  in  the  very  inftant  of  its  mixture  with 
fpirit  of  wine,  it  produces  a greater  and  more  vio- 
lent effervefcence  than  the  vitriolic  acid  occafions. 

Secondly,  this  mixture,  without  the  help  of  dif- 
tillation,  and  only  by  (topping  the  bottle  in  which 
the  liquors  are  contained,  affords  a fort  of  Either, 
produced  probably  by  the  vapours  which  afcend 
from,  and  fwim  at  top  of  the  mixture.  This  is  a 
very  lingular  liquor.  Dr.  Navier  was  the  hi  ft  that 
took  notice  of  it,  and  gave  a defcription  thereof, 
which  may  be  feen  in  the  Memoirs  of  the  Aca- 
demy of  Sciences.  > 

Thirdly,  fome  authors  pretend  that,  by  diftilling 
the  mixture  under  confideration,  an  oil  is  obtained 
greatly  refembhng  that  which,  as  we  observed 
above,  rifes  from  fpirit  of  wine  combined  with  the 
vitriolic  acid : others  again  deny  this.  For  my 
part,  1 believe  the  thing  depends  on  the  different 
concentration  of  the  fpirit  of  nitre,  as  well  as  on 
the  quality  of  the  fpirit  of  wine,  which  is  fome- 
times  more  fometimes  lefs  oily. 

Fourthly,  the  two  liquors  we  are  fpeaking  of, 
being  intimately  mixed  by  diftillation,  form  a li- 
quor flightly  acid,  ufed  in  medicine,  and  known 
by  the  name  of  Sweet  or  Dulcified  Spirit  of  Nitre : 
a very  proper  name,  feeing  the  nitrous  acid,  by 
uniting  with  the  fpirit  of  wine,  actually  loles  al- 
moft  all  its  acidity  and  corrofive  quality. 

Fifthly  and  laftly,when  thediftillation  is  fini fined, 
there  remains  in  the  bottom  of  the  veffel  a thick, 
blackilh  fubftance,  nearly  refembling  that  which 
is  found  after  diftilling  oil  of  vitriol  and  fpirit  of 
wine. 

I 4 Spirit 
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Spirit  of  Salt  hath  likewife  been  combined  with 
fpirit  of  wine;  but  it  does  not  unite  therewith  fo 
eafily  or  fo  intimately  as  the  two  acids  abovemen- 
tioned.  To  mix  them  thoroughly,  the  fpirit  of 
fait  muft  be  highly  concentrated,  and  fmoaking, 
and  moreover  the  affiflance  of  the  ftill  muft  be 
called  in.  Some  authors  pretend  that  from  this 
mixture  alfoafmallquantity  of  oil  may  be  obtained; 
which  probably  happens  when  the  liquors  have  the 
qualities  above  fpecified.  The  marine  acid  like- 
wife, by  uniting  with  fpirit  of  wine,  lofes  mofl  of 
its  acidity  ; on  which  account  it  is  in  like  manner 
called  Sweet  or  Dulcified  Spirit  of  Salt.  A thick 
refiduum  is  alfo  found  here  after  diftillation. 


CHAP.  XV. 

i 

Of  the  Acetous  Fermentation. 

BESIDES  an  ardent  fpirit,  wine  affords  3 
great  deal  of  water,  oil,  earth,  and  a fort  of 
acid  which  fhall  be  confidered  prefently.  When 
the  fpirituous  part  is  feparated  from  thefe  other 
matters,  they  undergo  no  further  change.  But  if 
all  the  conflituent  parts  of  wine  remain  combined 
together,  then,  after  fome  time,  fhorter  or  longer 
as  the  degree  of  heat  in  which  the  wine  {lands  is 
greater  or  lefs,  the  fermentation  begins  afrefh,  or 
rather  arrives  at  its  fecond  flage.  Tke  liquor  once 
more  grows  turbid,  a new  intefline  motion  arifes, 
and  after  fome  days  it  is  found  changed  into  an 
acid  ; which,  however,  is  very  different  from  thole 
hitherto  treated  of.  The  liquor  then  takes  the 
name  of  Vinegar.  /The  acetous  fermentation  dif- 
fers from  the  fpirituous,  not  only  in  its  effcdl,  but 
alfo  in  feveral  of  its  concomitant  circum fiances. 

■ • ' Moderate 
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Moderate  motion  is  of  fervice  to  this,  whereas  it 
pbftrudfcs  the  fpirituous  ; and  it  is  attended  with 
much  more  warmth  than  the  fpirituous.  The  va- 
pours it  produces  are  not  noxious  like  thofe  of  fer- 
menting wine,  Laftly,  Vinegar  depofits  no  tar- 
tar, even  when  the  wine  employed  in  this  opera- 
tion is  quite  new,  and  hath  not  had  time  to  dis- 
charge its  tartar  : inftead  of  tartar  Vinegar  depo- 
sits a vii'cid  matter  which  is  very  apt  to  putrify. 

It  muft  be  obferved  that  wine  is  not  the  only 
iubftance  that  is  fufceptible  of  the  acetous  fermen- 
tation : for  feveral  vegerable  and  even  animal 
matters,  which  are  not  fubject  to  the  fpirituous  fer- 
mentation, turn  four  before  they  putrify.  But  as 
vinous  liquors  pofTefs  in  a very  eminent  degree  the 
property  of  being  fufceptible  of  the  acetous  fermen- 
tation, and  likewife  of  producing  the  ftrongeft  acids 
that  can  refult  from  fuch  fermentation,  their  acid 
frail  be  more  particularly  confidered  in  this  place, 

§.  I.  0/  V I N.E  GAR. 

If  wine,  which  has  gone  through  this  fecond 
ftage  of  fermentation,  be  diftilled,  inftead  of  an 
ardent  fpirit,  only  an  acid  liquor  is  obtained, 
which  is  c?alled  Diftilled  Vinegar. 

1 his  acid  has  the  fame  properties  as  the  mineral 
acids  of  which  we  have  already  treated  ; that  is,  it 
unites  with  alkaline  falts,  abforbent  earths,  and 
metallic  fubftances,  and  therewith  forms  neutral 
faline  combinations. 

Its  affinity  with  thefe  fubftances  obferves  the 
fame  order  as  that  obferved  by  the  mineral  acids 
with  regard  to  the  fame  fubftances ; but  in  general 
it  is  weaker;  that  is,  any  mineral  acid  is  capable 
of  expelling  the  acid  of  Vinegar  out  of  all  mat- 
ters with  which  it  is  united. 

Vinegar  hath  likewife  a greater  affinity  than 
fulphur  with  alkalis:  whence  it  follows  that  it  is 

capable 
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capable  of  decompounding  that  combination  of 
fulphur  with  an  alkali  called  Liver  of  Sulphur, 
and  of  precipitating  the  fulphur  it  contains. 

The  acid  of  Vinegar  is  always  clogged  with  a 
certain  proportion  of  oily  parts,  which  greatly 
weaken  it,  and  deprive  it  of  much  of  its  adivity ; 
and  for  this  reafon  it  is  not  near  fo  ftrong  Ms  the 
mineral  acids,  which  are  not  entangled  with  any 
oil.  By  diftillation,  indeed,  it  may  be  freed  from 
this  oil,  and  at  the  fame  time  from  the  great  quan- 
tity of  water  which  in  a manner  fuffocates  it,  and 
by  that  means  it  may  be  brought  much  nearer  to 
the  nature  of  the  mineral  acids  : but  this  attempt 
hath  not  yet  been  profecuted  with  the  afliduity  it 
deferves.  Befides  diftillation,  there  is  another  way 
of  freeing  Vinegar  from  a good  deal  of  its  phlegm ; 
and  that" is,  by  expofing  it  to  a hard  froft,  which 
readily  congeals  the  watery  part  into  ice,  while  the 
acid  retains  its  fluidity. 

Vinegar,  faturatcd  with  a fixed  alka’i,  forms  a 
neutral  oily  fait,  of  a dark  colour,  which  is  femi- 
volatile,  melts  with  a very  gentle  heaq  flames  when 
thrown  upon  burning  coals,  and  diholves  in  ipint 
of  wine,  of  which,  however,  it  requires  fix  parts  to 
complete  the  folution.  This  iolution  being  eva- 
porated to  drynefs  leaves  a matter  in  the  form  ol 
leaves  lying  on  each  other;  on  which  account  it 
hath  obtained  the  name  of  Terra  Foliata.  The 
fame  foliated  matter  will  be  obtained,  though  the 
f^lt  be  not  previously  diftblved  in  fpirit  of  wine ; 
but  not  fo  readily.  This  fait  is  aifo  called  Rege- 
nerated Tartar.  Under  the  head  of  Tartar  we  ihall 
fee  the  reafon  of  thefe  different  appellations.  Re- 
generated Tartar  is  alfo  in  forme  degree  capable 
of  crystallizing  : For  this  purpole  a Iolution  there- 
of in  water  muft  be  flowly  evapoiateo  to  the  con- 
ftftence  of  a fyrup,  and  then  fuffered  to  ftand  quiet 

in  a cool  place  ; by  which  means  it  will  fhoot  into 
1 cl  lifters 
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clutters  of  cryftals,  lying  one  upon  another,  not 
unlike  the  feathers  on  a quill. 

With  Vinegar  and  feveral  abforbent  earths,  fuch 
as  calcined  pearls,  cOral,  (hells  of  fi(h,  &c.  are  alfo 
formed  nelitral  laline  compounds,  each  of  which 
takes  the  name  of  the  particular  earth  employed  in 
its  compofition. 

Vinegar  perfe&ly  dilfolves  Lead,  and  converts 
it  to  a neutral  metallic  (lilt,  which  fhoots  into 
cryftals,  and  has  a fweet  faccharine  tafte.  This 
compound  is  called  Sugar  of  Lead,  or  Sal  Saturni. 

If  Lead  be  expofed  to  the  bare  vapour  of  Vine- 
gar, it  will  be  thereby  corroded,  calcined,  and 
converted  into  a white  matter  much  uled  in  paint- 
ing, and  known  by  the  name  of  Cerufe  j or,  when 
it  is  finer  than  ordinary.  White  Lead. 

Vinegar  corrodes  Copper  likewife,  and  converts 
it  into  a beautiful  green  ruft,  which  alfo  is  ufed  in 
painting,  and  diftinguifhed  by  the  name  of  Verde- 
gris.  However,  Vinegar  is  not  commonly  employ- 
ed to  make  Verdegris  : for  this  purpofe  they  ufe 
wine,  or  the  rape  of  wine,  from  which  fire  extri- 
cates an  acid  analogous  to  Vinegar. 

^ In  treating  of  the  feveral  fubttances  which  con- 
ftitute  wine  we  mentioned  an  acid  matter,  but  did 
not  then  enter  into  a particular  examination  there - 
of;  becaufe  as  that  matter  greatly  refembles  the 
acid  ot  Vinegar,  v/e  thought  it  more  proper  to  de- 
er the  eonfideration  of  its  properties  till  we  had 
treated  of  the  acetous  fermentation,  and  its  effe&s. 

§.  II.  Of  Tartar. 


This  fubftance  is  a (aline  compound,  confiftino- 
of  earthy  oily,  and  elpecially  acid  parts.  It  it 

fiZ  'r  m if0rm  °.f.cfufts'  adhering  «>  the  inner 
Lies  of  veflels  in  which  wines  have  Hood  for  fome 

time,  particularly  acid  wines,  fuch  as  thofe  of 
Germany. 


Tartar 
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Tartar  derives  its  origin  from  the  fuperabun- 
dant  quantity  of  acid  contained  in  the  juice  of  the 
grape.  This  fuperflupus  acid,  being  more  than  is 
requifite  to  conftitute  the  ardent  fpirir,  unites  with 
fome  of  the  oil  * and  earth  contained  in  the  fer- 
mented liquor,  and  forms  a kind  of  fait ; which 
for  fome  time  continues  fufpended  in  that  liquor, 
but,  when  the  wine  frauds  undifturbed  in  a cool 
place,  is  depofited,  as  hath  been  faid,  on  the  fides 
of  the  cafk. 

Tartar  in  this  ftate  contains  many  earthy  parts, 
which  are  fuperfluous,  and  foreign  to  its  nature. 
From  thefe  it  may  be  freed  by  boiling  it  repeatedly 
with  a fort  of  earth  found  in  the  neighbourhood  of 
Montpelier,  as  may  be  feen  in  the  Memoirs  of  the 
Academy  of  Sciences.- 

When  it  is  purified,  there  appears  on  the  furface 
of  the  liquor  a fort  of  white  cryftalline  pellicle, 
•which  is  fleimmed  off*  as  it  forms.  This  matter  is 
called  Cream  of  Tartar.  The  fame  liquor  which 
produces  this  Cream,  and  in  which  the  purified 
Tartar  is  diffolved,  being  fet  to  cool  yields  a great 
number  of  white  feihi-tranfparent  cryftals,  which 
are  called  Cryftals  of  Tartar.  The  Cream  and  the 
Cryftals  of  Tartar  are  therefore  no  other  than  pu- 
rified Tartar,  and  differ  from  each  other  in  their 
form  only. 

Though  the  Cryftals  of  Tartar  have  every  ap- 
pearance of  a neutral  fait,  yet  they  are  far  from 
being  fuch ; for  they  have  all  the  properties  of  a 
true  acid,  which  fcarce  differs  from  that  of  vine- 
gar, except  that  it  contains  lefs  water,  and  more 
earth  and  oil;  to  which  it  owes  its  lolid  form,  as 
well  as  its  property  of  not  being  foluble  in  water 
without  much  difficulty  : for  a very  great  quan- 
tity of  water  is  requifite  to  keep  the  Cryftals  of 
Tartar  in  folution  ; and  it  muft  moreover  be  boil- 
in0-  hot:  other  wife  as  foon  as  it  cools  mall  of  the 
D Tartar 
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'Tartar  diftolved  in  it  feparates  from  the  liquor, 
and  falls  to  the  bottom  in  the  form  of  a white 
powder. 

Tartar  isdecompofed  by  calcination  in  the  open 
fire.  All  its  oily  parts  are  confumed  ordilTipated 
in  fmoke,  together  with  moil  of  its  acid.  The 
other  part  of  its  acid,  uniting-intimately  with  its 
earth,  forms  a very  ftrong  and  very  pure  fixed  al- 
kali, called  Salt  of  Tartar. 

It  will  be  fhewn  in  its  proper  place  that  almoft 
every  vegetable  matter,  as  well  as  Tartar,  leaves  a 
fixed  alkali  in  its  allies : yet  Tartar  has  thefe  pe- 
culiar properties ; firft,  it  affumes  an  alkaline  cha-  ' 
rafter  even  when  burnt  or  calcined  in  clofe  vef- 
fels,  whereas  other  fubftances  acquire  it  only  by 
being  burnt  in  the  open  air  ; fecondly,  the  alkali 
of  Tartar  is  ftronger  and  more  faline  than  almoft 
any  that  is  obtained  from  other  matters. 

This  alkali,  when  thoroughly  calcined,  power- 
fully attrafts  the  moifture  of  the  air,  and  melts 
into  an  unftuous  alkaline  liquor,  improperly  called 
Oil  of  Tartar  per  deliquium.  This  is  the  alkali 
generally  ufed  in  making  the  Terra  Foliatay  men- 
tioned under  the  head  of  Vinegar  : for  which  rea- 
fon  this  combination  is  called  Terra  Foliata  Tar - 
tari ; a name  fuitable  enough.  But  the  fame  can- 
not be  faid  of  the  other  name,  Regenerated  Tartar , 
which  is  alfo  given  it.  ’Tis  true  that  on  thisocca- 
fion  an  oily  acid  is  reftord  to  the  earth  of  the  Tar- 
tar, analogous  to  that  of  which  the  fire  had  de- 
prived it:  but  the  compound  thence  refuiting  is 
a neutral  fait  which  very  readily  diffolves  in  water; 
whereas  Tartar  is  manifeftly  acid,  and  not  foluble, 
or  at  leaft  hardly  foluble,  in  water. 

Cryftals  of  Tartar  combined  with  alkali  of  Tar- 
tar produce  a great  effervefcence  while  they  are' 
mixing,  as  all  acids  uiually  do;  and  if  the  com- 
bination be  brought  exaftly  up  to  the  point  of 

faturation. 
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fa tu ration,  a perfectly  neutral  fait  is  formed,  which 
{hoots  into  cryftals,  and  eafily  diffolves  in  water; 
and  this  hath  procured  it  the  name  of  Soluble  Tar- 
«.civ.  It  is  alfo  called  the  Vegetable  Salt , as  being 
obtained  from  vegetables  only  ; and  again,  Tar- 
tarijed  Tartar , becaufe  it  confifts  of  the  acid  and 
the  alkali  of  Tartar  combined  together. 

Cryftals  of  Tartar  combined  with  alkalis  pro- 
cured from  the  allies  of  maritime  plants,  fuch  as 
Soda,  which  alkalis  refemble  the  bafts  of  lea-fair, 
form  likewife  a neutral  fait,  which  cryftallizes  well, 
and  diffolves  eafily  in  water.  This  fait  is  another 
fort  of  foiuble  Tartar.  It  is  called  Salgnette' s Salt, 
from  the  inventor’s  name. 

Both  the  Vegetable  Salt  and  Saignette’s  Salt  are 
gently  purgative  foaps,  and  much  ufed  in  Medi- 
cine. 

Tartar  likewife  diffolves  the  abforbent  earths, 
as  lime,  chalk,  &c.  and  with  them  forms  neutral 
falts  which  are  foiuble  in  water*.  It  even  attacks 
metallic  bodies,  and  when  combined  with  them 
becomes  foiuble.  A foiuble  Tartar  for  medical 
nfe  is  prepared  with  Cryftals  of  Tartar  and  Iron  : 
the  metallic  fait  thereby  produced  hath  the  name 
of  Chalybeated  Soluble  Tartar.  This  fait  attracts 
the  moifture  of  the  air,  and  is  one  of  thofe  which 
do  not  crvftallize. 

Cryftallized  Tartar  adls  alfo  upon  feverah other 
metallic  fubftances  : for  inftance,  it  diffolves  the 
Regulus,  Liver,  and  Glafs  of  Antimony,  and 
thence  acquires  an  emetic  quality:  it  is  then  called 
Stibiated  or  Emetic  Tartar.  It  likewife.  diffolves 
Lead,  and  therewith  forms  a fait  which,  in  the 
figure  of  its  cryftals,  refembles  Tartarifed  Tartar. 

It  is  very  extraordinary  that  Tartar,  which  of 
itfeif  is  not  foiuble  in  water,  fhould  be  foiuble 

* See  Mr.  Duhamel’s  EfTays  on  this  fubjeft  in  the  Memoirs 
©f  the  Academy  of  Sciences. 

6 therein. 
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therein  when  become  a neutral  fait  by  unitingeither 
with  alkalis  or  with  abforbent  earths,  or  even  with 
metals.  With  refpedt  to  alkalis,  indeed,  it  may  be 
urged  that,  having  themlehresa  great  affinity  with 
water,  they  communicate  to  Tartar  fome  of  that, 
facility  with  which  they  naturally  unite  therewith: 
but  the  fame  cannot  be  alledged  concerning  ab- 
forbent earths,  and  metallic  fubftances, which  water 
diffiolves  not  at  all,  or  at  lead  with  great  difficulty, 
and  in  lmall  quantity.  This  effedt,  therefore,  muft 
be  attributed  wholly  to  fome  change  in  the  difpo- 
fition  of  its  parts  which  is  to  us  unknown. 

All  the  Soluble  T artars  are  eaftly  decompounded 
by  expofing  them  to  a certain  degree  of  heat.  In 
diftillation  they  yield  the  fame  principles  which  are 
obtained  from  Tartar;  and  what  remains  fixed  in 
the  fire,  after  they  are  thoroughly  burnt,  is  a com- 
pound of  the  alkali  which  Tartar  naturally  pro- 
duces, and  of  the  alkaline  or  metallic  fubftance  % 

with  which  it  was  converted  into  a neutral  fait. 

As  Cryflal  of  Tartar  is  the  weakeft  of  all  acids, 
on  account  of  the  oily  and  earthy  matters  with 
which  it  is  combined.  Soluble  Tartars  are  decom- 
pounded by  all  the  acids ; by  any  of  which  cryflal 
of  Tartar  may  be  feparated  from  the  lubftance  that 
ferves  it  for  a bafis  and  renders  it  a neutral  fait. 

The  other  acids  which  are  procured  from  ve- 
getables, and  even  thofe  which  are  obtainable  from 
fome  animal  fubftances,  may  all  be  referred  to  and 
compared  with  either  Vinegar  or  Tartar,  according 
to  the  quantities  of  oil  or  earth  with  which  they 
are  combined. 

After  all,  thefe  acids  have  not  yet  been  tho- 
roughly examined.  There  is  great  resfon  to  think 
that  they  are  no  other  than  the  mineral  acids,  which 
in  pairing  through  the  bodies  of  vegetables,  and 
even  of  animals,  undergo  a con  fid  enable  change, 
specially  by  contracting  an  union  with  oily  matters* 

For, 
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or,  as  we  i aid  before  in  treating  of  Vinegar,  by 
freeing  them  from  their  oil  they  are  brought  very 
near  to  the  nature  of  mineral  acids : and  fo  likewife 
the  mineral  acids  acquire  many  of  the  properties 
of  vegetable  acids  by  being  combined  with  oils. 


CHAP.  XV. 

Of  the  Putrid  Fermentation,  Or 

Pu  TR  EFAC  T ION. 

EVERY  body  which  hath  gone  through  the 
two  ftagcs  of  fermentation  above  defcribed, 
that  is,  the  fpirituous  and  the  acetous  fermenta- 
tion, being  left  to  itfelf  in  a due  degree  of  warmth, 
which  varies  according  to  the  fubjecft,  advances  to 
the  laft  ftage  of  fermentation  j that  is,  to  putre- 
faction. 

It  is  proper  to  obferve,  before  we  go  any  further, 
that  the  converle  of  this  propofition  is  not  true  ; 
that  is,  it  is  not  neceffary  that  a body  fhould  fuc- 
ceftively  pafs  through  the  fpirituous  and  the  acetous 
fermentation,  before  it  can  arrive  at  the  putrid  $ 
but  that,  as  certain  fubftances  fall  into  the  acetous 
without  having  gone  through  the  fpirituous  fer- 
mentation,fo  others  begin  to  putrify  withouthaving 
undergone  either  the  fpirituous  or  the  acetous  fer- 
mentation ; of  which  laid  kind  ar*r,  for  inftance, 
moft  animal  fubftances.  When  therefore  we  repre- 
fented  thefe  three  forts  of  fermentation  as  three 
different  degrees  or  ftages  of  one  and  the  fame  fer- 
mentation, we  fuppofed  it  to  be  excited  in  a body 
fufceptible  of  fermentation  in  its  full  extent 
However,  there  is  If  ill  room  to  think  that  every 
fubftance  which  is  capable  of  fermenting  always 

puftes 
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paffes  neceffarily  through  thefe  three  different 
lhages;  but  that  the  fubftances  mod  difpofed 
thereto  pais  with  fuch  rapidity  through  the  firft, 
and  even  the  fecond,  that  they  arrive  at  the  third 
before  our  fenfes  can  perceive  the  lead  figns  of 
either  of  the  two  former.  This  opinion  is  not 
deftitute  of  probability ; yet  it  is  not  fupported  by 
proofs  fufficiently  ftrong  and  numerous  to  compel 
our  affent. 


When  a body  is  in  a putrefying  date  it  is  eafy  to 
difcover,  (as  in  the  two  forts  of  fermentation  al- 
ready treated  of)  by  the  vapours  which  rife  from 
it,  by  the  opacity  which  invades  it,  if  a pellucid 
liquor,  and  frequently  even  by  a greater  degree 
of  heat  than  is  found  in  the  two  other  forts  of 
fermentation,  that  an  intefline  motion  is  begun 
among  its  conftituent  parts,  which  lafts  till  the 
whole  be  entirely  putrefied. 

The  effect  of  this  intefline  motion  is  in  this,  as  in 
the  two  other  forts  of  fermentation,  to  break  the 
union,  and  change  the  difpofition,  of  the  particles 
conftituting  the  body  in  which  it  is  excited,  and 
to  produce  a new  combination.  This  is  brought 
about  by  a rnechanifm  to  which  we  are  ftran^ers, 
and  concerning  which  nothing  beyond  conjedtures 
can  be  advanced:  but  thefe  we  negledt,  refolvin^ 
to  keep  wholly  to  fafts,  as  the  only  things  in  Na- 
tural I hilofophy  that  are  pofitively  certain. 

it,  then,  we  examine  a fubftance  that  has  un- 
dergone putrefaction,  We  lhall  foon  perceive  that 
it  contains  a principle  which  did  not  exift  in  it  be- 
fore. If  this  fubftance  be  diftilled,  there  rifes  firft, 
by  means  of  a very  gentle  heat,  a faline  matter 
which  is  exceedingly  volatile,  and  affefls  the  oro-an 

aidofd^ iftX?-n,kly  "if'  diraSrceab]y-  Nor  is  “he 
aid  of  diftillation  necellary  to  difcover  the  prefence 

nfrt S- f,0rdua  putrefaction  : it  readily  ma- 

Vo/.!'  i. f m m0ft  lubftances  where  it  cxifts,  as 

^ any 


130  Elements  of  the 

any  Q.rie  may  foon  be  convinced  by  obferving  the 
different  fmell  of  frefh  and  of  putrefied  urine;  for 
the  latter  not  only  affedte  the  nofe,  but  even  makes 
the  eyes  fmart,  and  irritates  them  fo  as  to  draw 
tears  from  them  in  abundance. 

This  faline  principle  which  is  the  product  of  pu- 
trefa6tion,when  feparated  from  the  other  principles 
of  the  body  which  affords  it,  and  collected  by  it- 
felf,  appears  either  in  the  form  of  a liquor,  or  in 
that  of  a concrete  fait,  according  to  the  different 
methods  ufed  to  obtain  it.  In  the  former  (late  it  is 
called  a Volatile  Urinous  Spirit ; and  in  the  latter  a 
Volatile  Urinous  Salt . The  qualification  of  urinous 
is  given  it,  becaufe,  as  was  faid,  a great  deal 
thereof  is  generated  in  putrefied  urine,  to  which  it 
communicates  its  fmell.  It  goes  alfo  by  the  general 
name  of  a Volatile  Alkali , whether  in  a concrete  or 
in  a liquid  form.  The  enumeration  of  its  proper- 
ties will  fhew  why  it  is  called  an  Alkali. 

Volatile  Alkalis,  from  whatever  fubftance  ob- 
tained, are  all  alike,  and  have  all  the  fame  proper- 
ties; differing  only  according  to  their  degrees  of 
purity.  The  Volatile  Alkali,  as  well  as  the  Fixed, 
confifts  of  a certain  quantity  of  acid  combined  with 
and  entangled  by  a portion  of  the  earth  of  the  mixt 
body  from  which  it  was  obtained;  and  on  that  ac- 
count it  has  many  properties  like  thofe  of  a Fixed 
Alkali.  ’But  there  is  moreover  in  its  compofition  a 
confiderable  quantity  of  fat  or  oily  matter,  of 
which  there  is  none  in  a Fixed  Alkali;  and  on  this 
account  again  there  is  a great  .difference  between 
them.  Thus  the  Volatility  of  the  Alkali  produced 
by  putrefadtion,  which  is  the  principal  difference 
between  it  and  the  other  kind  of  Alkali  whofe  na- 
ture it  is  to  be  Fixed,  muff  be  attributed  to  the 
portion  of  oil  which  it  contains  : for  there  is  a 
certain  method  of  volatilizing  F"ixed  Alkalis  by 

means  of  a fatty  fubftance.  f 

Volatile 
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Volatile  Alkalis  have  a great  affinity  with  acids* 
unite  therewith  rapidly  and  with  ebullition,  and 
form  with  them  neutral  falts,  which  Ihoot'  into 
cryftals,  but  differ  from  one  another  according  to 
the  kind  of  acid  employed  in  the  combination. 

The  neutral  falts  which  have  a Volatile  Alkali 
for  their  balls  are  in  general  called  Ammoniacal 
Salts.  That  whofe  acid  is  the  acid  of  fea-falt  is 
called  Sal  Ammoniac . As  this  was  the  firft  known, 
it  gave  name  to  all  the  reft.  Great  quantities  of 
this  fait  are  made  in  Egypt,  and  thence  brought 
to  us.  They  fublime  it  from  the  foot  of  cow’s 
dung,  which  is  the  fuel  of  that  country,  and  con- 
tains fea-falt,  together  with  a Volatile  Alkali,  or 
at  leaft  the  materials  proper  for  forming  it ; and 
confequently  all  the  ingredients  that  enter  into 
the  compofition  of  Sal  Ammoniac.  See  the 
Memoirs  of  the  Academy  of  Sciences. 

The  neutral  falts  formed  by  combining  the  acids 
of  nitre  and  of  vitriol  with  a Volatile  Alkali  are 

a^ter  ac*^s>  Nitrous  Sal  Ammoniac , and 
Vitriolic  Sal  Ammoniac:  the  latter,  from  the  name 

of  its  inventor,  is  alfo  called  Glauber’s  Secret  Sal 
Ammoniac. 


A Volatile  Alkali,  then,  has  the  fame  property 
as  a Fixed  Alkali  with  regard  to  acids:  yet  they 
differ  m this,  that  the  affinity  of  the  former  with 
acids  is  weaker  than  that  of  the  latter  : and  hence 
„ ° ,°T,that  a"y  Sal  Ammoniac  may  be  decom- 
pounded  by  a Fixed  Alkali,  which  will  lay  hold 
of  pe  Acid,  and  difcharge  the  Volatile  Alkali. 

A Volatile  Alkali  will  decompound  any  neutral 
fait  which  has  not  a Fixed  Alkali  for  its  bafts ; that 
is,  all  fuch  as  confift  of  an  acid  combined  with  an 
abforbent  earth  or  a metallic  fubftance.  By  joining 
with  the  acids  in  which  they  are  diffolved/ft  difen^ 
gages  the  earths  or  metallic  fubftances,  takes  their 

K 2 ' ' place. 
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place,  and  in  conjunction  v/ith  their  acids,  forms 
Ammoniac  Salts. 

Hence  it  might  be  concluded  that,  of  all  fub- 
flances,  next  to  the  Phlogifton  and  the  Fixed  Al- 
kalis, Volatile  Alkalis  have  the  greateft  affinity 
with  acids  in  general.  Yet  there  is  fome  diffi- 
culty in  this  matter  : for  abforbent  earths,  and  fe- 
veral  metallic  fubftances,  are  alfo  capable  of  de- 
compounding Ammoniacal  Salts,  difcharging  their 
Volatile  Alkali,  and  forming  new  compounds  by 
uniting  with  their  acids.  This  might  induce  us 
to  think  that  thele  fubftances  have  nearly  the  fame 
affinity  with  acids. 

But  it  is  proper  to  obferve,  that  a Volatile  Alkali 
decompounds  fuch  neutral  falts  as  have  for  their 
bafts  either  an  abforbent  earth  or  a metallic  fub- 
ftance,  without  the  aid  of  fire;  whereas  abforbent 
earths  or  metallic  fubftances  will  not  decompound 
an  Ammoniacal  Salt,  unlefs  they  be  affifted  by  a 
certain  degree  of  heat. 

Now  as  all  thefe  matters  are  extremely  fixed,  at 
lead  in  companion  with  a Volatile  Alkali,  they 
have  the  advantage  of  being  able  to  refill  the  force 
of  fire,  and  fo  of  ading  in  conjunction  therewith; 
and  fire  greatly  promotes  the  natural  adion  of 
fubftances  upon  one  another:  whereas  the  Vola- 
tile Alkali  in  the  Ammoniacal  Salt,  being  unable 
to  abide  the  force  of  fire,  is  compelled  to  defert 
its  acid  ; and  that  fo  much  the  more  quickly,  as 
its  affinity  therewith  is  coftfiderably  weakened  by 
the  prefence  of  an  earthy  or  metallic  lubftance, 
both  of  which  have  a great  affinity  with  acids. 

Thefe  confiderations  oblige  us  to  conclude,  that 
Volatile  Alkalis  have  a fomewhat  greater  affinity, 
than  abforbent  earths  and  metallic  iubftances,  with 
acids. 

Ammoniacal  Salts  projeded  upon  nitre  in  fufion 
make  it  detonate  ,*  and  the  Nitrous  Sal  Ammoniac 

detonates 
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detonates  by  itfelf,  without  the  addition  of  any  in- 
flammable matter.  This  Angular  effect  evidently 
demonftrates  the  exiftence  of  an  oily  matter  in  Vo- 
latile Alkalis;  for  it  is  certain  that  nitre  will  never 
deflagrate  without  the  concurrence,  and  even  the 
immediate  contact,  of  i'ome  combuftible  matter. 

This  oily  fubltance  is  often  found  combined 
with  Volatile  Alkalis  in  fuch  a large  proportion 
as  to  difguife  it,  in  forne  meafure,  and  render  it 
exceeding  foul.  The  fait  may  be  freed  from  its 
fuperfluous  oil  by  repeated  fublimations;  and  par- 
ticularly by  fubliming  it  from  abforbent  earths, 
which  readily  drink  up  oils.  This  is  called  Rec- 
tification of  a Volatile  Alkali.  The  fait,  which 
before  was  of  a yellowifh  or  dirty  colour,  by  being 
thus  redtifled  becomes  very  white,  and  acquires  an 
odour  more  pungent  and  lefs  fetid  than  it  had  at 
firft,  that  is,  when  obtained  by  one  Angle  diftilla- 
tion  from  a putrid  fubltance. 

It  is  proper  to  obferve  that  the  redtiAcation  of 
a Volatile  Alkali  mud  not  be  carried  too  far,  or  re- 
peated too  often  ; for  by  that  means  it  may  be 
ennrely  decompofed  at  length  ; and  particularly 
it  an  abforbent  earth,  and  efpecially  chalk,  be 
employed  for  that  purpofe,  the  lalt  may  be  con- 
verted into  an  oil,  an  earth,  and  water. 

Volatile  Alkalis  adt  upon  feveral  metallic  fub- 
ftances,  and  particularly  on  Copper;  of  which  they 
make  a mod  beautiful  blue  folution.  On  this  pro- 
perty depends  a pretty  Angular  effedt,  which  hap- 
pens fometimes  when  we  attempt,  by  means  of  a 
Volatile  Alkali,  to  feparate  copper  from  any  acid 
with  which  it  is  combined.  Inftead  of  feeing  the 
liquor  grow  turbid,  and  the  metal  fall,  both  which 
generally  happen  when  any  Alkali  whatever  is 
mixed  with  a metallic  folution,  we  are  furprifed  to 
obferve  the  folution  of  copper,  upon  adding  a Vo- 
latile Alkali,  retain  its  limpidity,  and  let  fall  no 

IV  3 preci- 
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precipitate;  or  at  leaft  if  the  liquor  does  grow 
turbid,  it  remains  fo  but  for  a moment,  and  in- 
ftantly  recovers  its  tranfparency. 

This  is  occafioned  by  adding  fuch  a quantity  of 
Volatile  Alkali  as  is  more  than  fufficient  fully  to  fa- 
turate  the  acid  of  the  folution,  and  confiderable 
enough  to  dififolve  all  the  copper  as  fall  as  it  is  fe- 
parated  from  the  acid.  On  this  occafion  the  liquor 
acquires  a deeper  blue  than  it  had  before  ; which 
arifes  from  the  property  whichVolatile  Alkalis  have 
of  giving  this  metal,  when  combined  with  them,  a 
fuller  blue  than  any  other  folvent  can  : hence  we 
have  a touchftone  to  difcover  copper  wherever  it 
is ; for  let  the  quantity  of  this  metal  combined 
with  other  metals  be  ever  fo  fmal),  a Volatile  Alkali 
never  fails  to  difcover  it,  by  making  it  appear  of 
a blue  colour. 

Though  a Volatile  Alkali  be  conftantly  the  re- 
fult  of  putrefaction,  yet  it  muft  not  therefore  be 
imagined  that  none  can  be  produced  by  any  other 
means ; on  the  contrary,  moft  of  thofe  fubftances 
which  contain  the  ingredients  neceflary  to  form  it, 
yield  no  inconfiderable  quantity  thereof  in  diftilla— 

' tion.  Tartar,  for  example,  which  by  being  burnt 
in  an  open  fire  is  converted,  as  was  fhewn,  into  a 
Fixed  Alkali,  yields  a Volatile  Alkali  when  it  is 
decompofed  in  clofe  veifels  ; that  is,  when  it  is 
diftilltd  : becaufe  in  this  latter  cafe  the  oily  part 
is  not  difiipated  or  burnt,  as  it  is  by  calcination  in 
a naked  fire,  but  has  time  to  unite  with  fome  of 
the  earth  and  acid  of  the  mixt,  in  fuch  a manner 
as  to  form  a true  Volatile  Alkali. 

To  prpve  that  on  this  occafion,  as  well  as  on  all 
others,  where  unputrefied  bodies  yield  a Volatile 
Alkali,  this  fait  is  the  produCt  of  the  fire,  we  need 
only  obferve,  that  in  thefe  d iif illations  it  never  rifes 
till  after  fome  part  of  the  phlegm,  of  the  acid,  and 
even  of  the  thick  oil  of  the  mixt,  is  come  over ; 

‘ which 
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which  never  is  the  cafe  when  it  is  formed  before- 
hand in  the  body  which  is  the  fubjeft  of  the  ope- 
ration, as  it  is  in  thofe  which  have  undergone  pu- 
trefaction : for  this  fait,  being  much  lighter  and 
more  volatile  than  thofe  other  fubftances,  rifes  of 
courfe  before  them  in  diftillation. 


A General  View  of  Chymical 


HOUGH  we  have  confidered  all  the  fub- 


ftances which  enter  into  the  compofition  of 
Vegetables,  Animals,  and  Minerals,  whether  as 
primary  or  as  fecondary  principles,  it  will  not  be 
improper  to  ftiew  in  what  order  we  obtain  thefe 
principles  from  the  feveral  mixts ; and  efpecially 
from  Vegetables  and  Animals,  becaufe  they  are 
much  more  complicated  than  Minerals.  This  is 
called  Analyfing  a compound. 

The  method  moft  commonly  taken  todecompofe 
bodies  is  by  applying  to  them  fucceftive  degrees 
of  heat,,  from  the  gentleft  to  the  moft  violent,  in 
appropriated  veffels,  fo  contrived  as  to  collect 
what  exhales  from  them.  By  this  means  the  prin- 
ciples are  gradually  feparated  from  each  other; 
the  moft  volatile  rife  firft,  and  the  reft  follow  in 
order,  as  they  come  to  be  a<5ted  on  by  the  proper 
degree  of  heat : and  this  is  called  Diftillation. 

But  it  being  obferved  that  fire,  applied  to  the  de- 
compofition  of  bodies,  moft  commonly  alters  their 
fecondary  principles  very  fenfibly,  by  combining 
them  in  a different  manner  with  each  other,  or 
even  partly  decompofing  them,  and  reducing  them 
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to  their  primitive  principles ; other  means  have 
been  ufed  to  feparate  thole  principles  without  the 
help  of  fire. 

With  this  view  the  mixts  to  be  decompofed  are 
forcibly  compreffed,  in  order  to  fqueeze  out  of 
them  all  fucli  parts  of  their  fubftance  as  they  will 
by  this  means  part  with  ; or  elfe  thofe  mixts  are 
for  a long  time  triturated,  either  along  with  water, 
which  carries  off  all  their  faline  and  faponaceous 
contents  ; or  with  folvents,  fuch  as  ardent  fpirits, 
capable  of  taking  up  every  thing  in  them  that  is 
of  an  oily  or  refinous  nature. 

We  fhall  here  give  a fuccinft  account  of  the  ef- 
fects of  thefe  different  methods,  as  applied  to  the 
principal  fubftances  among  Vegetables  and  Ani- 
mals, and  likewife  to  lome  Minerals. 

§.  I.  The  Analysis  of  Vegetable  Substances. 

A vast  many  vegetable  fubftances,  fuch  as  ker- 
nels and  feeds,  yield  by  ftrong  tompreftion  great 
quantities  of  mild,  fat,  undluous  Oils, which  are  not 
foluble  in  ardent  fpirits  : thefe  are  what  we  called 
Exprejfed  Oils.  They  are  alfo  fometimes  called  Fat 
Oils,  on  account  of  their  un&uoufnefs,  in  which 
they  exceed  all  other  forts  of  Oil.  As  thefe  Oils 
are  obtained  without  the  aid  of  fire,  it  is  certain  that 
they  exifted  in  the  mixt  juft  as  we  fee  them,  and 
that  they  are  not  in  the  leaft  altered;  which  could 
not  have  been  the  cafe  had  they  beer*obtained  by 
diftillation ; for  that  never  produces  any  Oils  but 
fuch  as  are  acrid  and  foluble  in  fpi'rit  of  wine. 

Some  vegetable  matters,  fuch  as  the  rind  of  ci- 
trons, lemons,  oranges,  &c.  alfo  yield,  only  by 
being  fqueezed  between  the  fingers,  a great  deal 
of  Oil.  This  fpirts  out  in  fine  fmall  jets,  which 
being  received  upon  any  polifhed  furface,  fuch  as 
a lookirg-glafs,  iun  together  and  form  a liquor 
that  is  a real  Oil. 

* ” * But 
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But  it  mu  ft  be  carefully  noted  that  this  fort  of 
Oil,  though  obtained  by  expreffion  only,  is  never- 
thelefs  very  different  from  the  Oils  mentioned  be- 
fore, to  which  the  title  of  Exprejfed  Oils  peculiarly 
belongs:  for  this  is  far  lighter  and  thinner j more- 
over, itretains  the  perfed  odour  of  the  fruit  which 
yields  it,  and  is  foluble  in  fpirit  of  wine;  in  a 
word,  it  is  a true  effential  Oil,  but  abounds  fo  in 
the  fruits  which  produce  it,  and  is  lodged  therein 
in  fuch  a manner,  occupying  a vaft  number  of 
little  cells  provided  in  the  peel  for  its  reception, 
that  a very  flight  preffure  difcharges  it ; which  is 
not  the  cafe  with  many  other  vegetables  that  con- 
tain an  effential  Oil. 


Succulent  and  green  plants  yield  by  compreffion 
a great  deal  of  liquor  or  juice,  which  confifts  of 
mod:  of  the  phlegm,  of  the  falts,  and  a final  1 por- 
tion of  the  oil  and  earth  of  the  plant.  Thefe  juices, 
being  fet  in  a cool  place  for  fome  time,  depofite  fa- 
line  cryftals,  which  are  a combination  of  the  acid  of 
the  plant  with  part  of  its  oil  and  earth,  wherein  the 
acid  is  always  predominant.  Thefe  falts,  as  is  evi- 
dent from  the  defcnption  here  given,  bear  a meat 
refemblance  to  the  tartar  of  y/ine  treated  of  above. 
They  are  called  Effential  Salts  \ fo  that  Tartar  mi^ht 
like  wife  be  called  the  Effential  Salt  of  Wine . 

Dried  plants,  and  fuch  as  are  of  a ligneous,  or 
acid  nature,  require  to  be  long  triturated  with  wa- 
tei,  before  they  will  yield  their  effential  falts.  Tri- 
turation with  water  is  an  excellent  way  to  get  out 
of  them  all  their  faline  and  faponaceous  contents, 
vegetable  matter  that  is  very  oily  yields  its 

effential  fait  with  much  difficulty,  if  at  all ; becaufe 
the  exceffive  quantity  of  oil  entangles  the  fait  fo 
^Ca™0t  exmcate  or  froot  into  cryftals. 
,ri,kef  ln  hjS  Prtnc¥^  of  Cbymifiry , fays,  that 
if  part  of  the  oil  of  a plant  be  extracted  by  fpirit 
o wine,  its  effential  fait  may  be  afterwards  ob- 
tained 
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tained  with  more  eafe  and  in  greater  quantity.  This 
muft  be  a very  good  method  for  fuch  plants  as  have 
an  exceflive  proportion  of  effential  oil  j but  will 
not  fucceed  if  the  effential  fait  be  hindered  from 
cryftallizing  by  a redundancy  of  fat  oil,  becaufe 
fat  oils  are  not  foluble  in  fpirit  of  wine. 

Effential  Salts  are  among^thofe  fubftances  which 
cannot  be  extracted  from  mixts  by  diftillation  : for 
the  fir  ft'  impreflion  of  fire  decompofes  them. 

Though  the  acid  which  predominates  in  the  Ef- 
fential  Salts  of  plants,  be  moft  commonly  analo- 
gous to  the  vegetable  acid,  properly  fo  called,  that 
is,  to  the  acid  of  vinegar  and  tartar,  which  is  pro- 
bably no  other  than  the  vitriolic  acid  difguifed ; 
yet  it  fometimes  differs  therefrom,  and  fomewhat 
refembles  the  nitrous  or  the  marine  acid.  This  de- 
pends on  the  places  where  the  plants  grow  which 
produce  thefe  falts  : if  they  be  maritime  plants, 
their  acid  is  akin  to  the  acid  of  fea-falt ; if  on  the 
contrary  they  grow  upon  walls,  or  in  nitrous 
grounds,  their  acid  is  like  that  of  nitre.  Sometimes 
one  and  the  fame  plant  contains  falts  analogous  to 
all  the  three  mineral  acids ; which  fhews  that  the 
vegetable  acids  are  no  other  than  the  mineral  acids 
varioufly  changed  by  circulating  through  plants. 

Liquors  containing  the  Effential  Salts  of  plants 
being  evaporated  by  a gentle  heat  to  the  confiftence 
of  honey,  or  even  further,  are  called  Extraffs. 
Hence  it  is  plain,  that  an  Extract  is  nothing  but 
the  Effential  Salt  of  a plant,  combined  with  fome 
particles  of  its  oil  and  earth,  that  remained  fuf- 
pended  in  the  liquor,  and  are  now  incorporated  by 
evaporation. 

Extracts  of  plants  are  alfo  prepared  by  boiling 
them  long  in  water,  and  then  evaporating  fome 
part  of  it.  But  thele  Extradb  are  of  inferior  vir- 
tue ; becaufe  the  fire  diftipates  many  of  the  oily 
and  faline  parts. 
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Subftances  which  abound  much  in  Oil,  being 
bruifed  and  triturated  with  water  for  fome  time, 
afford  a liquor  of  an  opaque  dead-white  colour, 
like  milk.  This  liquor  confifts  of  luch  juices  as 
the  water  is  capable  of  diffolving,  together  with  a 
portion  of  the  oil,  which  being  naturally  indiffolu- 
ble  in  water,  is  only  divided  and  difperfed  in  the 
liquor,  the  limpidity  whereof  is  by  that  means  de- 
ftroyed.  This  fort  of  oily  liquor,  in  which  the  oil 
is  only  divided,  not  diffolved,  is  called  an  Emuljion . 
The  oily  particles  in  Emulfions  fpontaneouQy  fepa- 
rate  from  the  water,  when  left  at  reft,  and  uniting 
into  greater  maffes  rife,  on  account  of  their  light— 
nefs,  to  the  lurface  of  the  liquor,  which  by  that 
means  recovers  a degree  of  tranfparency. 

If  vegetables  abounding  in  effential  oils  and  re- 
fins be  digefted  in  fpirit  of  wine,  the  menftruum 
takes  up  thefe  oily  matters,  as  being  capable  of 
diffolving  them;  and  they  may  afterwards  be  eaffly 
feparated  from  it  by  the  affufion  of  water.  The 
water,  with  which  fpirit  of  wine  has  a greater  af- 
finity than  with  oily  matters,  feparates  them  by 
this  means  from  their  loivent,  agreeably  to  the 
common  laws  of  affinities. 

Without  the  help  of  tire  fcarce  any  thing,  be- 
fides  the  fubftances  already  mentioned,  can  be  ob- 
tained from  a plant : but  by  the  means  of  diftil- 
lation  we  are  enabled  to  amffyfe  them  more  com-% 
pletely.  In  profecuting.  this  method  of  extracting 
from  a plant  the  feveral  principles  of  which  it 
confifts,  the  following  order  is  to  be  obferved. 

A plant  being  expofed  to  a very  gentle  heat,  in 
a diftillmg  veftei  fer  in  the  balneum  marLs,  yields  a 
water  which  retains  the  perfeff  fmeli  thereof.  Some 
Lhymifts,  and  particularly  the  illuftrious  Boer- 
ftaave,  have  called  this  liquor  the  Sprites  Retfor. 

The 
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The  nature  of  this  odoriferous  part  of  plants  is  not 
yet  thoroughly  known;  becaufe  it  is  fo  very  vola- 
tile that  it  is  difficult  to  fubjedt  it  to  the  experi- 
ments neceffary  for  dilcovering  all  its  properties. 

If  indead  of  diddling  the  plant  in  the  balneum 
maria,  it  be  diddled  over  a naked  lire,  with  the 
precaution  of  putting  a certain  quantity  of  water 
into  the  diddling  yell'd  along  with  it,  to  preve'nt 
its  differing  a greater  heat  than  that  of  boiling 
water,  all  the  effential  oil  contained  in  that  plant 
will  rife  together  with  that  water,  and  with  the 
fame  degree  of  heat. 

On  this  occafion  it  mud:  be  oblerved  that  no  ef- 
fential oil  can  be  obtained  from  a plant  after  the 
Spirit  us  Re  SI  or  hath  been  drawn  off' ; which  gives 
ground- to  think  that  the  volatility  of  thefe  oils  is 
owing  to  that  fpirit. 

The  heat  of  boiling  water  is  alfo  fufficient  to 
feparate  from  vegetable  matters  the  fat  oils  which 
they  contain.  That,  however,  is  to  be  done  by  the 
way  of  decodtion  only,  and  not  by  didillation : 
becaufe  though  thefe  oils  will  fwim  on  water,  yet 
they  will  not  rife  in  vapours  without  a greater  de- 
gree of  heat. 

When  the  effential  oil  is  come  over,  if  the  plant 
be  expofed  to  a naked  fire,  without  the  addition  of 
water,  and  the  heat  be  increafed  a little,  a phlegm 
will  rife  that  gradually  grows  acid  ; iffter  which,  if 
the  heat  be  increafed  as  occafion  requires,  there 
will  come  over  a thicker  and  heavier  oil ; from 
fome  a volatile  alkali ; and  lad  of  all,  a very 
thick,  black,  empyreumatic  oil. 

When  nothing  more  rifes  with  the  drongeft  de- 
gree of  heat,  there  remains  of  the  plant  a mere 
coal  only,  called  the  Caput  Mortuum , or  ‘Terra 
Damnata.  This  coal  when  burnt  falls  into  allies, 
which  being  lixiviated  with  water,  gives  a fixed 
alkali. 
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It  is  obiervable  that  in  die  diftillation  of  plants, 
which  yield  an  acid  and  a volatile  alkali,  thefe  two 
falts  are  often  found  quite  diflincft  and  feparate  in 
the  fame  receiver;  which  feems  very  extraordinary, 
confidering  that  they  are  naturally  dilpofed  to  unite, 
and  have  a great  affinity  with  one  another.  The 
real'on  of  this  phenomenon  is  that  they  are  both 
combined  with  much  oil,  which  embarraffes  them 
fo  that  they  cannot  unite  to  form  a neutral  fait,  as 
they  would  not  fail  to  do  were  it  not  for  that  im- 
pediment. 

All  vegetables,  except  luch  as  yield  a great  deal 
of  volatile  alkali,  being  burnt  in  an  open  fire,  and 
fo  as  to  flame,  leave  in  their  afhes  a large  quantity 
of  an  acrid,  cauftic,  fixed  alkali.  But  if  care  be 
taken  to  Another  them,  lb  as  to  prevent  their  flaming 
while  they  burn,  by  covering  them  with  fomething 
that  may  continually  beat  down  again  what  exhales, 
the  fait  obtained  from  their  afhes  will  be  much 
lefs  acrid  and  cauflic ; the  caufe  whereof  is,  that 
fome  part  of  the  acid  and  oil  of  the  plant  being 
detained  in  the  burning,  and  flopped  from  being 
diffipated  by  the  fire,  combines  with  its  alkalf. 
Thefe  falts  cryflallize,  and  being  much  milder  than 
the  common  fixed  alkalis,  may  be  ufed  in  medicine, 
and  taken  internally.  They  are  called  Tachenius' s 
Salts , becaule  invented  by  that  Chymifl. 

Marine  plants  yield  a fixed  alkali  analogous  to 
that  of  fea-falt.  As  for  all  other  plants  or  vegetable 
fubftances,  the  fixed  alkalis  obtained  from  them, 
if  rightly  prepared  and  thoroughly  calcined,  are 
all  perfectly  alike,  and  of  the  very  fame  nature. 

The  laft  obfervation  1 have  to  make  on  the  pro- 
duchon  of  fixed  alkalis  is,  that  if  the  plant  you  in- 
tend to  work  upon  be  fteeped  or  boiled  in  water 
before  you  burn  it,  a much  fmaller  quantity ,of  fait 
will  be  obtained  from  it;  nay,  it  will  yield  none  at 
all,  if  repeated  boilings  have  robbed  it  entirely  of 

thole 


T E L E M ENTS  OP  THE 

thofe  feline  particles  which  muft  neceffarily  concur 
with  its  earth  to  form  a fixed  Alkali. 

Analysis  of  Animal  Substances. 

Succulent  animal  fubftances,  fuck  as  new- 
killed  flefh,  yield  by  expreffion  a juice  or  liquid, 
which  is  no  other  than  the  phlegm,  replete  with 
all  the  principles  of  the  animal  body,  except  the 
earth,  of  which  it  contains  but  little.  The  hard  or 
dry  parts,  fuch  as  the  horns,  bones,  &c.  yield  a 
fimilar  juice,  by  boiling  them  in  water.  Thefe 
juices  become  thick,  like  a glue  or  jelly,  when 
their  watery  parts  are  evaporated } and  in  thisftate 
they  are  true  extracts  of  animal  matters.  Thefe 
juices  afford  no  cryftals  of  effential  fait,  like  thofe 
obtained  from  vegetables,  and  ffiew  no  fign  either 
of  an  acid  or  an  alkali. 

Great  part  of  the  oil  which  is  in  the  fielh  of  ani- 
mals may  be  eafily  feparated  without  the  help  of 
fire  j for  it  lies  in  a manner  by  itfelf : it  is  com- 
monly in  a concrete  form,  and  is  called  Fat.  This 
oil  fomewhat  refembles  the  fat  oils  of  vegetables ; 
for  like  them  it  is  mild,  un&uous,  indiffoluble  in 
fpirit  of  wine,  and  is  fubtilized  and  attenuated  by 
the  aftion  of  fire.  But  there  is  not  in  animals,  as 
in  vegetables,  any  light  effential  oil,  which  rifes 
with  the  heat  of  boiling  water ; fo  that  properly 
fpeaking,  animals  contain  but  one  fort  oftiil. 

Few  animal  fubftances  yield  a perceptible  acid. 
Ants  and  bees  are  almoft  the  only  ones  from  which 
any  can  be  obtained : and  indeed  the  quantity 
they  yield  is  very  fmall,  as  the  acid  itfelf  is  ex- 
tremely weak. 

The  realon  thereof  is,  that  as  animals  do  not 
draw  their  nourifhment  immediately  from  the  earth, 
but  feed  wholly  either  on  vegetables  or  on  the  flelli 
of  other  animals,  the  mineral  acids,  which  have 
already  undergone  a great  change  by  the  union  con- 
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traced  between  them  and  the  oily  matters  of  the 
vegetable  kingdom,  enter  into  a clofer  union  and 
combination  with  thefe  oily  parts  while  they  are 
pa  fling  through  the  organs  and  drainers  of  ani- 
mals; whereby  their  properties  are  deftroyed,  or  at 
lead  fo  impaired  that  they  are  no  longer  fenfible. 

Animal  matters  yield  in  diftillation,  firft,  a 
phlegm,  and  then,  on  increafing  the  fire,  a pretty 
clear  oil, which  gradually  becomes  thicker,  blacker, 
more  fetid,  and  empyreumatic.  It  is  accompanied 
with  a great  deal  of  volatile  alkali;  and  if  the  fire 
be  raifed  and  kept  up  till  nothing  more  comes  over, 
there  will  remain  in  the  diddling  veffel  a coal  like 
that  of  vegetables;  except  that  when  it  is  reduced 
to  alhes,  no  fixed  alkali,  or  at  lead  very  little,  can 
be  obtained  from  them,  as  from  the  allies  of  ve- 
getables. This  arifes  from  hence  that,  as  we  faid 
before,  the  faline  principle  in  animals  being  more 
intimately  united  with  the  oil  than  it  is  in  plants, 
and  being  confequently  more  attenuated  and  fub- 
tilized,  is  too  volatile  to  enter  intp  the  combination 
of  a fixed  alkali ; on  the  contrary  it  is  more.dif- 
pofed  to  join  in  forming  a volatile  alkali,  which  on 
this  occafion  does  not  rife  till  'after  the  oil,  and 
therefore  mud  certainly  be  the  production  of  the 
fire.  It  mud  be  obferved,  that  all  we  have  hitherto 
faid  concerning  the  analyfis  of  bodies  mud  be  un- 
derdood  of  fuch  matters  only  as  have  not  under- 
gone any  fort  of  Fermentation. 

I he  chyle  and  the  milk  of  animals  which  feed 
on  plants  dill  retain  fome  likenefs  to  vegetables  ; 
becaufe  the  piinciples  of  which  thefe  liquors  are 
compofcd  have  not  gone  through  all  the  changes 
which  they  mud  fuder  before  they  enter  into  the 
animal  combination. 

Urine  and  fweat  are  excrementitious  aqueous 
uqnors,  loaded  chiefly  with  the  faline  particles 
which  are  of  no  fervice  towards  the  nourifhment  of 
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the  animal,  but  pafs  through  its  drainers  without 
receiving  any  alteration ; fuch  as  the  neutral  falts 
which  have  a fixed  alkali  for  their  bafis,  and  par- 
ticularly the  fea-falt,  which  happens  to  be  in  the 
food  of  animals,  whether  it  exift  therein  naturally 
as  it  does  in  fome  plants,  or  whether  the  animals 
eat  it  to  pleafe  their  palates. 

The  faliva,  the  pancreatic  juice,  and  efpecially 
the  bile,  are  faponaceous  liquors,  that  is,  they  con- 
fift  of  faline  and  oily  particles  combined  together  : 
fo  that  being  themfelves  diflblved  in  an  aqueous 
liquor,  they  are  capable  of  diffolving  likewife  the 
oily  parts,  and  of  rendering  them  mifcible  with 
water. 

Laftly,  the  blood  being  the  receptacle  of  all 
thefe  liquors  partakes  of  the  nature  of  each,  more 
or  lefs  in  proportion  to  the  quantity  thereof  which 
it  contains. 

§.  III.  The  Analysis  of  Mineral  Substances. 

Minerals  differ  greatly  from  vegetables,  .and 
from  animals ; they  are  not  near  fo  complex  as 
thofe  organized  bodies,  and  their  principles  are 
much  more  fimple;  whence  it  follows  that  thefe 
principles  are  much  more  clofely  connected,  and 
that  they  cannot  be  feparated  without  the  help  of 
fire  ; which  not  having  on  their  parts  the  fame  ac- 
tion and  the  fame  power  as  on  organized  bodies, 
hath  not  the  fame  ill  effed  on  them  ; I mean  the 
effed  of  changing  their  principles,  or  even  deftroy- 
ing  them  entirely. 

I do  not  here  fpeak  of  pure,  verifiable,  or  re- 
fradory  earths ; of  mere  metals  and  femi-metals; 
of  pure  acids;  or  even  of  their  fimpleti  combina- 
tions, fuch  as  fulphur,  vitriol,  allum,  fea-falt : of 
all  thefe  we  have  faid  enough. 

We  are  now  to  tieat  of  bodies  that  are  more 
complex,  and  therefore  more  fufceptible  of  de- 
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compofition.  Thefe  bodies  are  compound  maftes, 
or  combinations  of  thofe  above-mentioned ; that 
is,  metallic  fubftances  as  they  are  found  in  the 
bowels  of  the  earth,  united  with  feveral  forts  of 
land,  ftones,  earths,  femi-metals,  fulphur,  &c. 
When  the  metallic  matter  is  combined  with  other 
matters,  in  fuch  a proportion  to  the  reft  that  it 
may  be  feparated  from  them  with  advantage  and 
profit,  thefe  compounds  are  called  Ores : when 
the  cafe  is  otherwife,  they  are  called  Pyrites , and 
Marcafites  ; efpecially  if  fulphur  or  arfenic  be  pre- 
dominant therein,  which  often  happens. 

In  order  to  analyfe  an  ore,  and  get  out  of  it  the 
metal  it  contains,  the  firft  ftep  is  to  free  it  from  a 
great  deal  of  earth  and  ftones,  which  commonly 
adhere  to  it  very  (lightly  and  fuperficially.  This  is 
tcffeded  by  pounding  the  ore,  and  then  wafhing  it 
:in  water;  to  the  bottom  of  which  the  metalline 
parts  prefently  fink,  as  being  the  heavieft,  while 
ithe  fmall  particles  of  earth  and  fto'ne  remain  fuf- 
j pended  fome  time  longer. 

Thus  the  metallic  part  is  left  combind  with  fuch 
: matters  only  as  are  moft  intimately  complicated  with 
:it.  Thefe  fubftances  are  moft  commonly  fulphur 
'and  arfenic.  Now  as  they  are  much  more  volatile 
:than  other  mineral  matters,  they  may  be  diflipated 
in  vapours,  or  the  fulphur  may  be  confumed,  by 
expofing  the  ore  which  contains  them  to  a proper 
degree  of  heat.  If  the  fulphur  and  arfenic  be  de~ 
fired  by  themfelves,  the  fumes  thereof  may  be 
catched  and  collected  in  proper  veftels  and  places* 
‘This  operation  is  called  Roafiing  an  Ore. 

The  metal  thus  depurated  is  now  fit  to  beexpofed 
to  a greater  force  of  fire,  capable  of  melting  it. 

On  this  occafion  the  femi-metals  and  the  im~' 
perfetf:  metals  require  the  addition  of  fome  matter 
abounding  in  phlogifton,  particularly  charcoal- 
duft;  becaufe  thefe  metallic  fubftances  lofe  their 
VoL‘  L L phlo- 
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phlogifton  by  the  aftion  of  the  fire,  or  of  the  fluxes 
joined  with  them,  and  therefore  without  this  pre- 
caution would  never  acquire  either  the  fplendouror 
the  du£tility  of  a metal.  By  this  means  the  metallic 
fubftance  is  more  accurately  feparated  from  the 
earthy  and  flony  parts,  of  which  fome  portion  al- 
ways remains  combined  therewith  till  it  is  brought 
to  fuflon.  For,  as  we  obferved  before,  a metallic 
glafs  or  calx  only  will  contrad  an  union  with  fuch 
matters ; a metal  poflefled  of  its  phlogifton  and 
metalline  form  being  utterly  incapable  thereof. 

We  took  notice  of  the  caufe  of  this  feparation 
above,  where  we  fhewed  that  a metal  poflefled  of 
its  phlogifton  and  metalline  form  will  not  remain 
intimately  united  with  any  calcined  or  vitrified 
matter,  not  even  with  its  own  calx  or  glafs. 

The  metal  therefore  on  this  occaflon  gathers 
into  a mafs,  and  lies  at  the'  bottom  of  the  vefiel, 
as  being  moft  ponderous ; while  the  heteroge- 
neous matters  float  upon  it  in  the  form  of  glafs,  or 
a femi- vitrification.  Thefe  floating  matters  take 
the  name  of  Scoria,  and  the  metalline  fubftance  at 
bottom  is  called  the  Regulus,  fc 

It  frequently  happens  that  the  metalline  regulus 
thus  precipitated  is  itfelf  a compound  of  feveral  me- 
tals mixed  together,  which  are  afterwards  to  be  fe- 
parated. We  cannot  at  prefent  enter  into  a detail  of 
the  operations  neceflary  for  that  purpofe:  they  will 
appear  in  our  Treatife  of  Prafiical  Chymtfiry:  but 
the  principles  on  which  they  are  founded  may  be 
deduced  from  what  we  have  laid  above,  concerning 
the  properties  of  the  feveral  metals  and  of  acids. 

It  is  proper  to  obferve,  before  we  quit  this  fub- 
je£t,  that  the  rules  here  laid  down  for  analyfing 
ores  are  not  abfolutely  general:  for  example,  it  is 
often  advifable  to  roaft  the  ore  before  you  wafh  it; 
for  by  that  means  fome  ores  are  opened,  attenuated, 
and  made  very  friable,  which  would  coft  much 
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trouble  and  expence,  on  account  of  their  exceffive 
hardnefs,  if  you  fhould  attempt  to  pound  them 
without  a previous  torrefadlion. 

It  is  alfo  frequently  neceflary  to  feparate  the  ore 
from  part  only  of  its  (tone;  fometimes  to  leave  the 
whole;  and  fometimes  to  add  more  to  it,  before 
you  fmelt  it.  This  depends  on  the  quality  of  the 
done,  which  always  helps  to  promote  fufion  when 
it  is  in  its  oWn  nature  fulible  and  verifiable.  It  is 
then  called  the  Fluor  of  the  ore : bur  of  this  we 
mult  fay  as  we  did  of  the  preceding  article  ; it  is 
fufficient  for  our  prefent  purpofe  to  lay  down  the 
fundamental  principles  on  which  the  reafon  of 
every  procefs  is  built;  the  defcription  of  the  opera- 
tions themlelves  being  referved  for  ourfecond  Part. 

We  fhall  now  give  a fuccindt  account  of  the 
principal  ores  and  mineral  bodies,  contenting 
ourfelves  with  juft  pointing  out  the  particulars  of 
which  they  feverally  confilt.  • 


Of  the  Pyrites. 
The  yellow  Pyrites . 


The  yellow  Pyrites  is  a mineral  confiding  of 
fulphur,  iron,  an  unmetallic  earth,  and  frequently 
a little  copper : the  fulphur,  which  is  the  only  one 
of  thefe  principles  that  is  volatile,  may  be  fepa- 
rated  from  the  reft  by  fublimation : it  ufually 
makes  a fourth,  and  lometunes  a third,  of  the  whole 
weight  of  thele  Pyrites.  "1  he  other  principles  are 
feparate  d from  one  another  by  fufion  and  reduc- 
tion with  the  phlogifton,  which,-  by  metallizing 
the  ferruginous  anu  cupreous  earths,  parts  them 
from  the  unmetallic  earth;  for  this  earth  vitrifies, 
and  cannot  afterwards  continue  united  with  me- 
tallic matters  .poiTefled  of  their  metalline  form,  as 
hath  been  faid  before. 
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There  is  yet  another  way  of  decompofing  the 
yellow.Pyrites,  which  is  to  let  it  lie  till  it  efRorelces, 
or  begins  to  fhoot  into  flowers;  which  is  nothing 
but  a fort  of  flow  accenfion  of  the  fulphur  it  con- 
tains. The  fulphur  being  by  this  means  dccom- 
pofed,  its  acid  unites  with  the  ferruginous  and  cu- 
preous parts  of  the  Pyrites,  and  therewith  forms 
green  and  blue  vitriols ; which  may  be  extraded 
by  deeping  in  water  the  Pyrites  which  has  efflo- 
refced  or  been  burnt,  and  then  evaporating  the 
lixivium  to  a pellicle;  for  by  this  means  the  vitriol 
will  fhoot  into  crydals. 

Sometimes  the  Pyrites  contains  alfo  an  earth  of 
the  fame  nature  with  that  of  alum  : a Pyrites  of 
this  fort,  after  flowering,  yields  alum  as  well  as 
vitriol. 

Ihe  White  Pyrites. 

% / ■ / 

The  white  Pyrites  contains  much  arfenic,  a fer- 
ruginous earth,  and  an^unmetallic  earth.  The 
arfenic  being  a volatile  principle  may  be  feparated 
by  fublimation  or  di  id  illation  from  the  reft,  which 
are  fixed  : and  thefe  again  may  be  disjoined  from 
each  other  by  fufion  and  reduction,  as  was  laid  in 
relation  to  the  yellow  Pyrites. 


Phe  Copper  Pyrites . 

The  Copper  Pyrites  contains  fulphur,  copper, 
and  an  unmetaliic  earth.  A great  deal  thereof 
likewife  holds  arfenic,  and  its  colour  approaches, 
more  or  lels  to  Orange,  yellow,  or  white,  accord- 
ing to  the  quantity  of  arfenic  in  it.  It  may  be  de- 
compofed  by  the  fame  means  as  the  yellow  and 
white  Pyrites. 


Of 
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Of  Ores. 

Of  Gold'  Ores. 

Gold  being  conftantly  found  in  its  metalline 
form,  and  never  combined  with  fulphur  and  arfe- 
nic,  its  matrices  are  not,  properly  fpeaking,  ores; 
becaufe  the  metal  contained  in  them  is  not  minera- 
lized. The  gold  is  only  lodged  between  particles 
of  ftone,  earth,  or  fand,  from  which  it  is  eafily  fe- 
parated  by  lotion,  and  by  amalgamation  with 
quick-filver.  The  gold  thus  found  is  feldom  pure,, 
but  is  frequently  alloyed  with  more  or  lels  filver, 
from  which  it  is  to  be  feparated  by  quartation. 

It  is  alfo  very  common  to  find  gold  in  mofl  ores 
of  other  metals  or  femi-metals,  and  even  in  the  Py- 
rites; but  the  quantity  contained  therein  is  gene- 
rally fo  fmall,  that  it  would  not  pay  the  coft  of  ex- 
tracting it.  However,  if  any  fhould  incline  to  at- 
tempt it,  merely  out  of  curiofity,  it  would  be  ne- 
ceffary  to  begin  with  treating  thefe  ores  in  the 
manner  proper  for  feparating  their  metalline  part ; 
then  to  cupel  the  metalline  regiilus  fo  obtained ; 
and  laftly  to  refine  it  by  quartation. 

Of  Silver  Ores. 

It  is  no  rare  thing  to  find  filver,  as  well  as  gold, 
in  its  metalline  form,  only  lodged  in  fundry  earths 
and  ftony  matters,  from  which  it  may  be  feparated 
in  the  lame  manner  as  gold.  But  the  greatefl  quan-  * 
tities  of  this  metal  are  ufually  dug  out  of  the  bowels 
of  the  earth  in  a truly  mineral  ftate ; that  is,  com- 
bined with  different  fubftances,  and  particularly 
with  fulphur  and  arfenic. 

Several  filver  ores  are  diftinguifhed  by  peculiar 
characteriflicks,  and  are  accordingly  denoted  by 
particular  names.  That  which  is  called  the  Vi- 
• -L  3 trews 
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treous  Silver  Ore,  is  fcarce  anything  elfe  but  a 
combination  of  filver  and  fulphur.  Another  is 
known  by  the  name  of  the  Horny  Silver  Ore , be- 
caufe  when  in  thin  plates  it  is  femi-tranfparent : 
in  this  ore  the  filver  is  mineralized  bv  fulphur  and 
a little  aifemc.  The  Red  Silver  Ore  is  of  the  co- 
lour which  its  name  imports,  fometimes  more, 
fometimes  lefs  vivid ; and  is  chiefly  compofed  of 
iilver,.  arfenic,  and  fulphur : it  alfo  contains  a 
little  iron. 

Thefe  three  ores  are  very  rich  in  filver:  the  firft 
contains  nearly  three- fourths  of  its  weight,  and  the 
Others  about  two-thirds  of  theirs. 

There  is  a fourth,  called  the  White  Silver  Ore , 
which  though  it  be  heavier,  isnotfo  rich  in  filver, 
becaufe  it  contains  much  copper.  Many  other 
minerals  contain  filver,  yet  are  not,  properly  fpeak- 
ing,  filver  ores;  becaufe  a much  greater  quantity 
of  other  metals  than  of  filver  is  found  in  them. 

When  a filver  ore  is  to  be  decompofed,  in  order 
to  have  the  filver  pure,  or  when  filver  is  to  be  ex- 
tracted out  of  any  ore  that  contains  it,  the  firft 
thing  to  be  done  is  to  roaft  the  ore,  in  order  to 
clear  it  of  the  volatile  minerals:  and  as  filver  can- 
not be  had  pure  without  the  operation  of  the  cu- 
pel, which  requires  more  or  lefs  lead  to  be  joined 
with  it,  it  is  uiual  to  mix  with  the  torrified  filver 
ore  a quantity  of  lead,  proportioned  to  that  of  the 
heterogeneous  matters  combined  with  the  filver, 
and  to  melt  the  whole  together.  Part  of  the  added 
lead  vitrifies  during  the  fufion,  and  at  the  fame 
time  converts  fome  of  the  heterogeneous  matters 
alfo  into  glafs,  with  which  it  forms  a fcoria  that 
rifes  to  the  lurface  of  the  matter.  The  other  part 
/ the  lead,  with  which  the  filver  is  mixed,  falls  to 
the  bottom  in  the  form  of  a regulus,  which  muft 
be  cupelled  in  order  to  have  the  filver  pure. 

Of 
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Of  Copper  Ores. 

Copper  is  much  feldomer  found  in  a metalline 
form,  than  gold  or  filver : it  is  commonly  in  a mi- 
neral date  : it  is  mineralized  by  fulphur  and  arfe- 
nic : almoft  all  its  ores  contain  alfo  more  or  lefs 
iron ; fometimes  a little  filver  or  even  gold,  to- 
gether with  unmetallic  earths  and  dones,  as  all 
ores  do. 

Moll  copper  ores  areof  a beautiful  green  or  blue, 
or  elfe  in  fhades  blended  of  thefe  two  colours.  I he 
minerals  c^Wedmountaingreen^ndmountamlflue,  are 
true  copper  ores ; not  in  the  form  of  hard-  {tones, 
like  other  ores,  but  crumbly  and  friable  like  earth. 

Neverthelefs  there  are  feveral  copper  ores  of 
different  colours,  as  afh-coloured,  whitifh,  and 
lhaded  with  yellow  or  orange  ; which  colours  arife 
from  the  different  proportions  of  arfenic,  fulphur, 
and  iron,  which  thele  ores  contain. 

In  order  to  decompofe  a copper  ore,  and  to  ex- 
tract the  copper  it  contains,  it  is  firft  of  all  to  be 
freed  from  as  many  of  its  earthy,  dony,fulphureous 
and  arfenical  parts,  as  is  poffible,  by  roading  and 
walking;  then  what  remains  is  to  be  mixed  with  a 
flux  compounded  of.a  fixed  alkali  and  fome  inflam- 
mable matter;  a little  fea-falt  is  to  be  put  overall, 
and  the  whole  melted  by  a ftrong  fire.  The  falts 
facilitate  the  fufion  and  fcorification  of  the  unme- 
tallic matters,  and  therewith  form  a flag,  which  be- 
ing the  lighted  rifes  to  the  furface.  The  metalline 
matters  are  collefted  below  in  the  form  of  a fhining 
regulusof  copper;  which,  however,  isnotufually 
fine  copper,  but  requires  to  be  purified  in  the  man- 
ner to  be  fhewn  in  our  fecond  part. 

In  order  tofeparate  the  copper  from  the  unmetal- 
lic matters,  it  is  abfolutely  neceffary  to  melt  its  ore 
along  with  inflammable  fubftances  abounding  in 

L 4 phlogifton. 
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phlogifton.  For,  as  this  metal  is  not  poflefled  of 
its  metalline  form  while  it  is  in  a mineral  (late,  as 
it  is  deftitute  of  the  true  quantity  of  phlogifton, 
and,  though  it  were  not,  would  lofe  it  by  the  adtion 
of  the  fire,  it  would  come  to  pals  that  if  its  ore 
were  melted  without  the  addition  of  any  inflam- 
mable matter,  the  cupreous  earth  or  calx  would  be 
fcorified  and  confounded  with  the  unmetallic  mat- 
ters ; and  as  all  metallic  matters,  except  gold  and 
filver,  are  fubjed  to  this  inconvenience  as  well  as 
copper,  the  addition  of  an  inflammable  fubftance, 
in  fluxing  all  ores  that  contain  them,  is  a general 
rule  that  ought  conftantly  to  be  obferved. 

Of  Iron  Ores. 

Iron  is  feldom  found  pure  and  malleable  in  the 
earth  j yet  it  is  much  feldomer  found  in  the  mineral 
ftate,  properly  fo  called,  than  any  of  the  other  me- 
tals : for  mod  iron  ores  are  fcarce  any  thing  more 
than  a ferruginous  earth  mixed  in  different  pro- 
portions with  unmetallic  earths  and  ftor&s.  Some 
of  them,  however,  contain  alfo  volatile  minerals.. 
Inch  as  fulphur  and  arfenic;  and  therefore  it  is  ne- 
ceffary  to  roaft  the  iron  ores,  Uke-all  others,  before 
you  attempt  to  extrad  the  metal  out  of  them.  That 
being  done,  they  are  to  be  fmelted  with  a flux  con- 
fiding of  fufible  and  inflammable  matters,  as  the 
general  ruferdfrqds. 

Iron  is  the  commoneft  of  all  metals* ; nay,  it  is 
fo  uniyerfally  diffflfed  through  the  earth,  that  it  is 
difficult  to  find  any  earth,  {tone,  or  fand,  that  does 
not  contain  fome  of  it  j and  therefore  none  of  thcfe 
are  ufually  confldered  and  treated  as  iron  ores,  ex- 
cept fuch  as  contain  a great  deal  of  that  metal,  and 
melt  eaflly.  The  hematites,  emery,  yellow  pyrites. 
Calamine,  all  contain  a pretty  conflderable  quan- 
tity of  iron;  but  nobody  attempts  to  extrad  it 
from  them,  becaufe  they  are  very  hard  to  melt. 

Ferru- 
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Ferruginous  earth  being  naturally  of  an  orange 
colour,  a done  or  earth  may  be  juged  to  contain 
iron,  if  either  naturally,  or  after  roafting,  it  appears 
to  have  one  fliade  of  yellow  or  red. 

The  fingular  property  which  iron  lias  of  being 
attracted  by  the  magnet,  and  of  being  the  only 
body,  exclulive  of  all  others,  that  is  fo,  likewife 
affords  us  an  eafy  method  of  discovering  the  pre- 
fence of  this  metal  among  other  matters,  where  it 
often  exitts  in  fuch  a fmall  quantity  that  it  could 
not  otherwife  be  found  out.  For  this  purpofe  the 
body  in  which  iron  is  fufpedted  to  lurk,  mud  be 
pulverifed  and  torrefied  with  Tome  inflammable 
matter  j and  then  the  powder  thus  roaded  being 
touched  with  a magnet,  or  an  animated  bar,  if  it 
contains  any  particles  of  iron  they  will  infallibly 
adhere  to  the  magnet  or  bar. 


Of  Tin  Ores . 

I 

Tin  is  never  found  in  the  earth  pure  and  malle- 
able, but  always  in  a mineral  date, ' and  always  mi- 
neralized by  arfenic.  Tin  ores  are  not  fulphureous  ; 
whence  it  comes  that  though  tin  be  the  lighted  of 
all  metals,  its  ores  are  neverthelefs  heavier  than 
thofe  of  other  metals,  as  arfenic  greatly  exceeds 
fulphur  in  gravity.  Some  tin  ores  contain  alio  a 
little  iron.  The  ores  of  tin  are  to  be'  walbed, 
roaded,  and  fmelted  with  a reducing  flux,  accord- 
ing to  the  general  rules. 

Of  Lead  Ores. 

Lead,  like  tin,  is  never  found  but  in  a mineral 
date.  It  is  mod  commonly  mineralized  by  ful- 
phur ; yet  there  are  fome  lead  ores  which  alfo  con- 
tain arfenic. 

Lead  ores,  as  well  as  others,  mud  be  roaded  and 
fmelted  with  a reducing  flux:  however,  as  it  is  dif- 
ficult 
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ficult  to  free  tnem  from  all  their  fulphur  by  torre- 
fadfcion  only,  the  reducing  flux  employed  in  their 
Effion  may  be  made  up  with  a quantity  of  iron 
filings,  which  being  incapable  of  any  union  with 
lead,  and  having  a much  greater  affinity  than  that 
metal  with  lulphur,  will  on  this  occafion  be  of  great 
fervice  by  interpofing  between  them. 

Of  fhiick-filver  Ores. 

Running  Mercury  is  fometimes  found  in  cer- 
tain earths,  or  grey,  friable  ftones;  but  mod  com- 
monly in  a mineral  Hate.  It  is  always  minera- 
lized by  fulphur,  and  by  fulphur  alone:  fo  that  ci- 
nabar  is  the  only  ore  of  qnick-filver  that  we  know 
or:  and  a very  rich  one’  it  is,  feeing  it  contains 
fix  or  feven  times  as  much  mercury  as  fulphur. 

Roafting  can  be  of  no  ufe  towards  decompofing 
the  ore  of  mercury,  and  feparating  its  fulphur;  be- 
caufe  mercury  being  itfelf  very  volatile  would  be 
carried  offby  the  fire  together  with  the  fulphur.  In 
order  therefore  to  part  the  two  fubftances  of  which  * 
cinabar  confifts,  recourfe  mufl;  neceffarily  be  had 
to  fome  third  body,  which  will  unite  with  one  o.f 
them,  and  by  that  means  feparateit  from  the  other. 
Now  all  the  metals,  except  Gold,  having  a greater 
affinity  than  mercury  with  fulphur,  fuch  a body 
is  eafily  found':  any  metal  but  Gold  may  be  em- 
ployed with  fuccefs  in  this  decompofition;  but  as 
iron  hath  a greater  affinity  with  fulphur  than  any 
of  the*  reft,  and  is  moreover  the  only  one  that  can- 
not unite  with  mercury,  it  mufl:  on  account  of 
thefe  two  qualities  be  preferred  to  all  the  reft. 

Fixed  alkalis  are  alfo  well  qualified  to  abforb 
the  fulphur  of  cinabar.  Cinabarmuft  be  decom- 
pofed  in  clofe  veflels,  and  by  the  way  of  diftilla- 
tioiij  otherwife  the  mercury,  as  loon  as  it  feparates 

from 
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from  the  fulphur,  will  be  diffipated  in  vapours  and 
entirely  loft. 

In  this  operation  it  is  needlefs  to  add  either  flux 
or  phlogifton  ; becaufe  the  cinabar  is  decompofed 
without  meltingj  and  the  mercury,  though  in  a 
mineral  ftate,  contains,  like  gold  and  filver,  all 
the  phlogifton  requifite  to  fecure  its  metalline 
properties. 

Of  the  Ores  of  Regulus  of  Antimony, 

Reg  ulus  of  Antimony  is  always  found  in  a 
mineral  ftate:  it  is  mineralized  by  fulphur 3 but 
fometimes,  though  rarely,  it  is  alfo  combined  with 
a little  arfenic. 

When  the  ore  of  regulus  of  antimony  is  to  be  de- 
compofed, the  fir  ft  thing  to  be  done  is  to  expofe  it 
to  a degree  of  heat  too  weak  to  melt  its  earthy  and 
ftony  parts,  but  ftrong  enough  to  fufe  its  reguline, 
together  with  its  fulphureous  parts,  which  by  this 
means  are  feparated  from  the  earth,  and  united  into 
one  mafs,  known  by  the  name  of  Antimony. 

It  is  plain  that  this  firft'  operation,  which  is 
founded  on  the  great  fufibility  of  antimony,  pro- 
duces, with  regard  to  the  ore  of  regulus  of  anti- 
mony, the  fame  effect  that  wafhing'hath'  on  other 
ores  : fo  that  after  this  firft  fufion  nothing  more  is 
requifite  to  the  obtaining  of  a pure  regulus  of  an- 
timony, but  to  feparate  it  from  irs  fulphur  by  roaft- 
ing,  and  to  melt  it  with  fome  matter  abounding  in 
phlogifton,  in  the  fame  manner  as  other  metallic 
matters  are  treated.  I he  term  Calcination  is  gene- 
rally uled  to  exprels  this  torrefadtion  of  antimony, 
by  means  whereof  the  metallic  earth  of  the  re-ai- 
lus  of  antimony  is  feparated  from  its  fulphur.  ° 

As  regulus  of  antimony  hath,  like  mercury 
much  lefs  affinity  with  fulphur  than  the  other  me- 
tals have,  it  follows  that  antimony  may  be  decom- 
posed by  the  fame  means  as  cinabar  3 but  the  resu- 

lus 
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Jus  fo  obtained  is  aoulterated  with  a portion  of 
lk  aoditament  made  uie  0 f,  which  combines 
therewith. 

. i ^tre  is  (till  another  procefs  employed  for  ob- 
taining the  rcgulus  of  antimony  : it  confifts,  as 
v/as  mentioned  in  its  place,  in  detonating  the  mi- 
peral  with  a mixture  of  nitre  and  tartar,  applied 
in  fuch  a proportion  that,  after  the  detonation  has 
coniumed  the  fulphur,  there  may  remain  fo  much 
inflammable  matter  as. will  be  fufficient  to  furnifh 
the  metalline  earth  of  the  antimony  with  the  phio- 
gifton  neceflfary  to  preJerve  its  metallic  properties. 
But  by  this  method  lefs  rcgulus  is  produced,  than 
by  calcining,  or  torrefying,  and  reducing  as  ufual. 

Of  the  Ores  of  Bijmuth. 

The  ore  of  Bifmuth  'confifts  of  the  femi  metal 
mineralized  by  arfenic,  and  of  an  unmecallic  earth. 

It  is  very  eafy  to  decompofe  this  ore,  and  to  extra# 
the  bifmuth  it  contains:  for  this  purpofe  it  need 
only  be  ex  poled  to  a moderate  heat,  whereby  the 
arfenic  will  be  diflipated  in  vapours,  and  the  bif-  * 
muth  melted,  which  will  then  feparate  from  the 
unmetallic  earth.  This  earth,  at  lead,  in  feveral 
ores  of  bifmuth,  poffefles  the  property  of  tino-inc* 
all  verifiable  matters,  with  which  it  is  melted,  of 
a beautiful  blue  colour.  . 

To  decompofe  the  ore  of  bifmuth  no  flux  or  in- 
flammable matter*  is  ufed ; becaufe  this  femi-metal 
is  p ofle fled,  even  in  its  mineral  ftate,  of  all  the 
phlogifton  requifite  to  maintain  its  metalline  pro- 
perties; and  its  great  fuflbility  makes  it  unnecefiary 
to  melt  the  unmetallic  earth  contained  in  its  ore. 

Of  the  Ores  of  Zinc.  x * 

1 

Zinc  is  not  generally  obtained  from  a particular 
ore  of  its  own;  but  fublimes  during  the  fufion  of 
a mineral,  or  rather  a confuted  mals  of  minerals, 

that 
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that  contains  this  femi-metal  together  with  iron, 
copper,  lead,  fulphur,  arfenic,  and,  like  all  other 
ores,  an  unmetallie  earth. 

Neverthelefs  there  is  a fubftance  which  may  be 
confidered  as  the  proper  ore  ,of  zinc,  becaufe  it 
contains  a pretty  large  quantity  of  that  femi-metal, 
a little  iron,  and  an  unmetallie  earth.  It  is  called 
Calamine , or  Lapis  Calo.minaris : but  hitherto  the 
art  of  procuring  zinc  diredtly  from  this  mineral 
hath  no  where  been  pradtifed.  Calamine  is  com- 
monly employed  only  to  convert  copper  into  brafs, 
or  a yellow  metal,  by  cementing  it  therewith.  In- 
deed till  lately  no  eafy  or  practicable  method  of 
obtaining  pure  zinc  from  calamine  was  publicldy 
known;  for  that  femi-metal  being  volatile  and  very 
inflammable,  its  ore  cannot  be  fuled  like  others. 
Mr.  Margraaf  v/as  the  fir  ft  who,  by  mixing  pow- 
dered charcoal  with  calamine  in  dole  vefl&ls,  ob- 
tained a perfect  zinc  from  it,  by  the  means  of  dif- 
tillation  or  fublimation,  as  fhall  be  fhewn  in  our 
Practical  Chymiftry. 

' 

Of  Arfenical  Minerals. 

Arsenic,  as  well  as  fulphur, is  naturally  com- 
bined with  alrnoft  all  ores,  or  minerals  containing 
metallic  fubftances.  As  it  is  very  volatile,  while 
the  matters  with  which  it  is  united  are  fixed,  at 
leaA  in  comparifon  therewith,  it  is  eafily  feparated 
by  fublimation. 

The  minerals  that  contain  moft  arfenic  are  the 
white  pyrites,  orpiment,  and  cobalt.  We  have  al- 
ready confidered  the  white  pyrites:  as  toOrpiment, 
it  con  lilts  of  fulphur  and  arfenic.  Both  thefe  fub- 
ftances being  very  volatile,  it  is  difficult  to  feparate 
them  by  fublimation  : yet,  with  proper  manage- 
ment, and  a due  regulation  of  the  fire,  this  repara- 
tion may  be  effected;  becaufe  fulphur fublimesalit- 
tie  more  eafily  than  arfenic.  But  it  is  more  conve- 
nient 
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menr,  as  well  as  more  expeditious,  to  makeufeof 
iome  additament  that  hath  a greater  affinity  with 
one  of  thofe  fubftances  than  with  the  other.  Fixed 
allcalis  and  mercury,  both  of  which  have  more  af- 
finity with  lulphur  than  with  arfenic,  may  be  very 
properly  employed  on  this  occafion. 

Cobalt  is  a mineral  compofed  of  arfenic,  an 
unmetallic  earth,  and  frequently  bifmuth : and  as 
none  of  thefe  are  very  volatile,  except  the  arfenic, 
this  may  be  eafily  feparated  from  the  reft  by  fubli- 
mation.  The  unmetallic  earth  which  remains  has, 
like  that  of  the  ore  of  bifmuth,  the  property  of 
giving  a blue  colour  to  any  vitnfiable  matters 
melted  with  it;  whence  it  is  conjectured  that  cobalt 
and  the  ore  of  bifmuth  have  a great  refemblance, 
or  are  often  blended  with  each  other.  Neverthelefs 
Mr.  Brant,  an  ingenious  Swediffi  Chymift,  infills 
that  they  are  very  different:  he  pretends  that  the 
metallic  fubftance  contained  in  the  true  cobalt  is 
a iemi-metal  of  a peculiar  nature,  which  hath  been 
erroneoufly  confounded  with  bifmuth  : and  indeed 
he  proves  by  a great  number  of  curious  experi- 
ments, related  in  the  Memoirs  of  the  Academy  of 
Uplal,  chat  thefe  two  metallic  fubftances  have  pro- 
perties that  are  effentialiy  different:  to  that  which 
is  obtained  from  cobalt,  he  gives  the  name  of  Re- 
gains of  Cobalt. 

Befides  the  minerals  already  recited,  there  is 
found  in  the  bowels  of  the  earth  another  fpccies 
of  compound  body,  of  which  we  have  already 
taken  notice;  but  which  is  fuppofed,  with  fome 
degree  of  probability,  to  belong  as  much  to  the 
vegetable  as  to  the  mineral  kingdom  : I mean  the  , 
Bitumens ; which  the  beft  cbfervations  oblige  us 
to  confider  as  vegetable  oils,  that  by  lying  long  in 
the  earth  have  contracted  an  union  with  the  mineral 
acids,  and  by  that  means  acquired  the  thicknefs, 
cortfiftence,  and  other  properties  obfervable  in 
them.  4 By 
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By  diftillation  they  yield  an  oil,  and  an  acid  not 
unlike  a mineral  acid.  Mr.  Bourdelin  has  even 
demonftrated,  by  a very  artful  and  ingenious  pro-* 
cefs,  that  amber  contains  a manifeft  acid  of  fea- 
falt.  See  the  Memoirs  of  the  Royal  Academy  of 
Sciences. 


CHAP.  XVII. 

Explanation  of  the.  "Table  of  Affinities .. 

IT  hath  been  fhewn  in  the  courfe  of  this  work 
that  the  caufes  of  almoft  all  the  phenomena, 
which  Chymiftry  exhibits,  are  deducible  from  the 
mutual  affinities  of  different  fubftances,  efpecially 
the  fimpleft.  We  have  already  explained,  (Chap. 
II.)  what  is  meant  by  affinities,  and  have  laid  down 
the  principal  laws  to  which  the  relations  of  dif- 
ferent bodies  are  fubjedl.  The  late  Mr.  Geoffroyr, 
one  of  the  belt  Chymifts  we  have  had,  being  con- 
vinced of  the  advantages  which  all  who  cultivate 
Chymiftry  would  receive  from  having  conftantly 
before  their  eyes  a ftate  of  the  bell  afeertained  re- 
lations between  the  chief  agents  in  Chymiftry,  was 
the  firft  who  undertook  to  reduce  them  into  order, 
and  unite  them  all  in  one  point  of  view,  by  means 
of  a table.  We  are  of  opinion,  with  that  great  man, 
that  this  Table  will  be  of  confiderable  ufe  to  fuch 
as  are  beginning  to  ftudy  Chymiftry,  in  helping 
them  to  form  a juft  idea  of  the-  relations  which 
a fferent  fubftances  have  with  one  another;  and 
that  the  practical  Chymift  will  thereby  be  enabled 
to  account  for  what  paffes  in  feveral  of  his  opera- 
tions, otherwife  difficult  to  be  underftood,  as  well 
as  to  judge  what  may  be  expefled  to  refult  from 
mixtures  0 1 different  compounds.  Xhele  reafons 

have 
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have  induced  us  to  infert  it  at  the  end  of  this  Ele- 
mentary Treatife,  and  to  give  a fhort  explanation 
of  it  here  j efpecially  as  it  will  ferve,  at  the  lame 
time,  for  a recapitulation  of  the  whole  work,  in 
which  the  feveral  axiomsof  this  Table  aredifperfed. 

You  have  it  here  juft  as  it  was  drawn  up  by  Mr. 
Geoffroy,  without  any  addition  or  alteration.  I 
own,  however,  that  it  might  be  improved  both 
ways  : for  fince  the  death  of  that  great  Chymift 
many  experiments  have  been  made,  fome  of  which 
have  difcovered  new  affinities,  and  others  have 
raifed  exceptions  to  fome  of  thofe  laid  down  by 
him.  But  feveral  reafons  dififuade  me  from  publiffi- 
ing  a new  Table  of  Affinities,  containing  all  the 
emendations  and  innovations  that  might  be  made 
in  the  old  one. 

The  firft  is,  that  many  of  the  affinities  lately  dif- 
covered are  not  yet  fufficiently  verified,  but,  on  the 
contrary,  fubject  to  be  contefted:  in  ffiort,  they 
are  perhaps  liable  to  more  confiderable  objections 
and  exceptions  than  the  other. 

The  fecond  is,  that  as  Mr.  Geofiroy’s  Table 
contains  all' the  fundamental  affinities,  it  is  more 
fu  it  able  to  an  Elementary  Treatife  than  a much 
fuller  one  would  be  ; feeing  this  would  neceffarily 
fuppofe  the  knowledge  of  many  things  not  treated 
of  by  us,  and  of  which  it  was  not  proper  to  fay 
any  thing  in  fuch  a book  as  this. 

However,  as  it  is  eftential  to  our  purpofe  that  we 
lead  none  into  error,  we  ffiall  take  care  in  explain- 
ing the  affinities  delivered  by  Mr.  Geoffroy,  to 
mention  the  principal  objections  and  exceptions  to 
which  they  are  liable:  we  fliall  moreover  add  a 
very  few  new  ones,  confining  ourfelves  to  luch 
only  as  are  elementary  and  well  afcertained. 

The  upper  line  of  Mr.  Geoffroy’s  1 able,  com- 
prehends feveral  fubftances  ufed  in  Chymiftry. 
Under  each  of  thofe  fubftances  are  ranged  in  dif- 

tinCt 
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tln6b  columns  feveral  matters  compared  with  them* 
in  the  order  of  their  relation  to  that  firft  fubftance  ; 
fo  as  that  which  is'  the  neared  to  it  is  that  which 
hath  the  greateft  affinity  with  it,  or  that  which  none 
of  the  fubftances  Handing  below  it  can  feparate 
therefrom  ; but  which,  on  the  contrary,  feparates 
them  all  when  they  are  combined  with  it,  and  ex- 
pels them  in  order  to  join  itfelf  therewith.  The 
lame  is  to  be  underftood  of  that  which  occupies 
the  fecond  place  of  affinity;  that  is,  it  has  the  fame 
property  with  regard  to  all  below  it,  yielding  only 
to  that  which  is  above  it : and  fo  of  all  the  reft. 

At  the  top  of  the  firft  column  Hands  the  charac- 
ter which  denotes  an  Acid  in  general.  Immediately 
under  this  Hands  the  mark  of  a Fixed  Alkali,  being 
placed  there  as  the  fubftance  which  has  the  greateft 
affinity  with  an  Acid.'  After  the  Fixed  Alkali  ap- 
pears the  Volatile  Alkali,  whole  affinity  with  Acids 
yields  only  to  the  Fixed  Alkali.  Next  come  the  Ab- 
forbent Earths;  andlaftofall  Metallic  Subftances. 
Hence  It  follows  that  when  a Fixed  Alkali  is  united 
with  an  Acid  it  cannot  be  feparated  therefrom  by 
any  other  fubftance ; that  a Volatile  Alkali  united 
with  an  Acid  cannot  be  feparated  from  it  by  any 
thing  but  a Fixed  Alkali;  that  an  Abforbent  Earth 
combined  with  an  Acid  may  b,e  feparated  frona  it 
either  by  a Fixed  or  by  a Volatile  Alkali;  and 
daftly,  that  any  Metallic  Subftance  combined  with 
an  Acid  may  be  feparated  from  it  by  a Fixed  Al- 
kali, a Volatile  Alkali,  or  an  Abforbent  Earth. 

There  are  many  important  remarks  to  be  made 
on  this  fii  ft  column.  Firft,  it  fts  making  the  rule 
too  general  to  fay  that  any  Acid  whatever  has  a 
greater  affinity  with  a Fixed  Alkali,  than  with  any 
other  fubftance.  And  indeed  Mr.Geoffroy  himfelf 
hath  made  an  objection  with  refpect  to  the  Vitriolic 

,.L:  /0r  ,*n  t5ie  **0?rtk  column,  at  the  head  of 
r>  nch  Hands  that  Acid,  we  find  the  Jfign  of  the 
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Phlogifton  placed  above  that  of  the  Fixed  Alkali, 
as  having  a greater  affinity  than  the  Fixed  Alkali 
with  the°Vitriolic  Acid.  This  is  founded  on  the 
famous  experiment,  wherein  Vitriolated  I artar 
and  Glauber’s  Salt  are  decompounded  by  means 
of  the  Phlogifton,  which  feparates  the  Fixed  Al- 
kalis of  thefe  Neutral  Salts,  and  uniting  with  the 
Vitriolic  Acid  contained  in  them  forms  therewith 
a Sulphur. 

Secondly,  Nitre  deflagrates,  and  is  decompoled, 
by  the  contact  of  any  inflammable  matter  whatever 
that  is  actually  ignited;  and  the  operation  which 
produces Phofphorus  is  no  othei  than  a decompoh- 
tion  of  fear  fait,  whole  Acid  quits  its  Alkaline  bafis 
to  join  with  the  Phlogifton*.  now  thefe fafts  furmfh 
very  ftrong  reafons  for  believing  that  both  theft 
Acids,  as  well  as  the  Vitriolic,  have  a ftronger  affi- 
nity with  the  Phlogifton  than  with  a Fixed  Alkali. 
Laftly,  as  feveral  experiments  fhew  the  Vegetable 
Acids  to  be  only  the  Mineral  Acids  dilguifed  and 
mortified,  there  are  fufficien't  grounds  for  fufpecting 
that  Acids  in  general  have  a greater  affinity  with  the 
Phlogifton  than  with  Fixed  Alkalis:  lo  that  inftead 
of  making  an  exception  with  regard  to  the  Vitriolic 
Acid,  it  would  perhaps  be  better  to  lay  down  this 
greater  affinity  as  common  to  all  Acids  whatever, 
and  to  place  the  Phlogifton  in  the  firft  column,  im- 
mediately under  the  chiradler  which  denotes  an 
Acid  in  general.  This  theory,  however,  ftands  in 
need  of  confirmation  from  other  experiments  . 


* Mr  Maftraaf,  an  able  German  Chymlft.has  made  fevc- 
ral  experiments,  which  induce  him  to  think  that  the  Ac.d  of 
Phofphorus  is  of  a.  particular  kind,  and  different  from  t a o 
fea-lalt.  May  it  not  be  the  Marine  Acid,  but  altere  y 
union  it  has  contracted  with  the  .phlogifton  ? Or  may  it  not 
be  with  refpeCt  to  Phofphorus,  what  the  volatile  lulphureous 
fy'Z is,  with  refpeft  to  Sulphur?  See  the  Memoirs  of  the 
Royal  Academy  of  Sciences  at  Berlin. 
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Thirdly,  in  this  fame  column  the  chara&er  of  a 
Volatile  Alkali  is  fet  above  that  of  an  Abforbent 
Earth,  as  having  a greater  affinity  with  Acids  ; 
and  yet  thefe  Abforbent  Earths  decompofe  the 
Ammoniacal  falts,  drive  away  the  Volatile  Alkali 
from  the  Acids,  and  affiume  its  place.  This  is  one 
of  the  firft  objections  made  againftMr.  Geoffiroy’s 
Table.  His  anfwer  thereto  is  printed  in  the  Me- 
moirs of  the  Academy  of  Sciences  for  1718,  where 
his  Table  alfo  is  to  be  found.  "We  have  already 
declared  our  opinion  about  this  matter  in  treating 
of  a Volatile  Alkali.  ’ 

Fourthly,  in  1^44,  Mr.  Geoffiroy,  brother  to 
the  author  of  the  Table,  who  had  done  no  lets 
honour  to  Ciiymiftry  than  that  eminent  phyfiqian, 
gave  in  a Memoir  containing  ah  exception  to  the 
laft  affinity  in  the  column ; namely,  that  which. 

; places  AbforbbntEarths  above  Metallic  Subftances. 

He  therein  ffiews.  that  Alum  may  be  converted  into 
Copperas  by  boiling  it  in  iron  vetlels  ; that  on  this 
occafion  the  iron  precipitates  the  Earth  of  the 
Alum,  leparates  it  from  its  Acid,  and  alfumes  its 
place ; To  that  of  courfe  it  muft  have  a greater  affi- 
nity,  than  the  Abforbent  Earth  of  Alum,  with  the 
Vitriolic  Acid. 

At  the  head  of  the  fecond  column  Hands  the  cha- 
raY^ei  ,°^  t*ie  Marine  Acid,  which  fignifies  that  the 
affinities  of  this  Acid  are  the  fubjecl  of  the  column. 
Immediately  below  it  is  placed  the  mark  of  Tin. 
As  this  is  a metalline  fubharice,  and  as  the  firffi  co- 
lumn places  metalline  fubffiances  in  the  lowed:  de- 
gree of  affinity  with  all  Acids,  it  is  plain  we  mult 
uppofe  F lxed  Alkalis, Volatile  Alkalis,  and  Abhor- 
rent Earths,  to  be  placed  here  in  order  after  the 
MaHne  Acid  and  before  Tin.  Tin,  then,  is  of  all 

Metalline  fubftances  that  which  has  the  greateft 
aft  nity  with  the  Marine  Acid;  and  theif  follow 
Regulus  Of  Antimony,  Copper,  Silver,  Mercury. 

M 2 Gold 
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Gold  comes  laft  of  all ; and  there  are  no  lefs  than 
two  vacant  places  above  it.  By  this  means  it  is  in 
lome  fort  excluded  from  the  rank  of  fubftances 
that  have  an  affinity  with  the  Marine  Acid.  The 
reafon  thereof  is  that  this  Acid  alone  is  not  capa- 
ble of  diffolving  Gold  and  combining  therewith, 
neceflarily  requiring  for  that  purpofe  the  aid  of 
the  Nitrous  Acid,  or  at  leaft  of  the  Phlogifton. 

The  third  column  exhibits  the  affinities  of  the 
Nitrous  Acid,  the  character  whereof  ftands  at  its 
head.  Immediately  below  it  is  the  fign  of  Iron,  as 
the  metal  which  has  the  greateft  affinity  with  this 
Acid  ; and  then  follow  other  metals,  each  accord- 
ing to  the  degree  of  its  relation  ; to  wit,  Copper, 
Lead,  Mercury,  and  Silver.  In  this  column,  as 
in  the  preceding  one,  we  muft  fuppofe  the  fub- 
ftances, which  in  the  firft  column  ftand  above 
Metallic  Subftances,  to  be  placed  in  their  proper 
order  before  Iron. 

The  fourth  column  is  intended  to  reprefent  the 
Affinities  of  the  Vitriolic  Acid.  Here  Mr.  Geoffroy 
has  placed  the  Phlogifton  as  the  fubftance  which 
has  the  greateft  affinity  with  this  Acid,  for  the 
reafon  given  in  our  explanation  of  the  firft  column. 
Below  it  he  has  ranked  Fixed  Alkalis,  Volatile 
Alkalis,  and  Abforbent  Earths,  toffiew  that  this  is 
an  exception  to  the  firft  column.  As  to  Metalline 
fubftances,  he  has  fet  down  but  three,  being 
thofe  with  which  the  Vitriolic  Acid  has  the  moft 
perceptible  affinity  : thefe  metals,  placed  in  the 
order  of  their  affinities,  are  Iron,  Coppei,  and 
Silver. 

The  fifth  column  ffiews  the  affinities  of  Abior- 
bent  Earths.  As  thefe  Earths  have  no  fenfible  af- 
finity but  with  Acids,  this  column  contains  only 
the  characters  of  the  Acids  ranked  according  to 
the  degree  of  their  ftrength,  or  affinity  with  the 

Earths ; to  wit,  the  Vitriolic,  the  Nitrous,  and  the 

Marine 
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Marine  Acids.  Underneath  this  laft  might  be 
placed  the  Acid  of  Vinegar,  or  the  Vegetable  Acid. 

The  fixth  column  expreffes  the  Affinities  of 
Fixed  Alkalis  with  Acids,  which  are  the  fame  with 
thofe  of  Abforbent  Earths.  Moreover,  we  find 
Sulphur  placed  here  below  all  the  Acids;  becaufe 
Liver  of  Sulphur,  which  is  a combination  of  Sul- 
phur with  a Fixed  Alkali,  is  a&uallydecompounded 
by  any  Acid : for  any  Acid  precipitates  the  Sul- 
phur and  unites  with  the  Alkali. 

Immediately  over  the  Sulphur,  or  in  the  fame 
fquare  with  it,  might  be  fet  a mark  denoting  the 
Volatile  Sulphureous  Spirit;  becaufe,  like  Sulphur, 
it  has  lefs  affinity  than  any  other  Acid  with  Fixed 
Alkalis.  Oils  might  alfo  be  ranked  with  Sulphur, 
becaufe  they  unite  with  Fixed  Alkalis,  and  there- 
with forms  Soaps,  which  are  decompounded  by  any 
Acid  whatever. 

The  feventh  column  points  out  the  affinities  of 
Volatile  Alkalis,  which  are  likewife  the  fame  as 
thofe  of  Abforbent  Earths;  and  the  Vegetable  Acid 
might  be  placed  here  alfo  under  the  Marine  Acid. 

The  eighth  column  fpecifies  the  affinities  of  Me- 
tallic fubftances  with  Acids.  The  affinities  of  the 
Acids,  which  with  refped  to  Fixed  Alkalis,  Vola- 
tile Alkalis,  and  Abforbent  Earths,  fucceeded  each 
other  uniformly,  do  not  appear  in  the  lame  order 
here.  The  Marine  Acid,  inftead  of  being  placed 
below  the  Vitriolic  and  Nitrous  Acids,  Hands,  on 
the  contrary,  at  their  head  ; becaufe,  in  faff,  this 
Acid  feparates  Metalline  fubftances  from  all  the 
other  Acids  with  which  they  happen  to  be  united, 
and,  forcing  thefe  Acids  to  quit  poffeffion,  intrudes 
into  their  place.  Neverthelefs,  it  is  not  a general 
rule ; for  feveral  Metalline  fubftances  muft  be  ex- 
cepted, particularly  Iron  and  Copper. 

The  ninth  column  declares  the  affinities  of  Sul- 
phur. Fixed  Alkalis,  Iron, Copper,Lead, Silver,  Re- 
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gulns  of  Antimony,  Mercury,  and  Gold,  (land  be- 
low it  in  the  order  of  their  affinities.  With  regard 
to  Gold  it  mu  ft  be  oblerved,  that  it  will  not  Unite 
with  pure  Sulphur:  it  buffers  itfelf  to  be  diffolved 
only  by  the  Liver  of  Sulphur,  which  is  known  to 
be  a compofition  of  Sulphur  and  Fixed  Alkali. 

At  the  head  of  the  tenth  column  appears  Mer- 
cury, and  beneath  it  feveral  Metalline  iubftances,  in 
the  order  of  their  affinities  with  it.  Thofe  Metalline 
fubftanbes  are  Gold,  Silver,  Lead,  Copper,  Zinc, 
and  Regulus  of  Antimony. 

It  is  proper  to  remark  on  this  column  that  Re- 
gulus of  Antimony,  which  ftands  the  lowed,  unites 
but  very  imperfeftly  with  Merpury  ; and  that  after 
a feeming  union  of  thebe  two  Metallic  Iubftances 
hath  been  obtaippd,  by  a tedious  triture  with  the 
addition  of  water,  they  do  not  continue  long 
united,  but  fpontaneoufly  feparate  from  each  other 
in  afhort  time.  Iron  and  Tin  are  here  excluded  ; 
the  former  with  great' reafoh,  becaufe  hitherto  it 
hath  not  been  clearly  proved,  by  any  known  ex- 
periment, that  ever  Mercury  was  united  with  Iron : 
but  the  lame  objection  cannot  be  made  to  Tin, 
which  amalgamates  very  well  with  Mercury,  and 
might  therefore  be  placed  in  tjiis  column  nearly 
between  Lead  and  Copper.  I ufe  the  word  nearly , 
becaufe  the  different  degrees  of  affinity  between 
Metalline  fubftances  an^  Mercury  are  not  fo  ex- 
' aflly  determined,  as  the  other  rejations  before  con- 
fideredj  feeing  they  generally  unite  with  it,  with- 
out excluding  ope  another.  We  can  therefore 
fcarce  judge  of  the  degree  of  affinity  that  belongs 
to  each,  but  by  the  greater  or  Ids  readinefs  of  each 
to  amalgamate  therewith. 

The  eleventh  cplumn  ffiews  that  Lead  has  a 
greater  affinity  with  Silver  than  with  Copper. 

The  twelfth,  that  Copper  has  a greater  affinity 
with  Mercury  than  with  Calamine. 

The 
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The  thirteenth,  that  Silver  has  a greater  affinity 
with  Lead  than  with  Copper. 

The  fourteenth  contains  the  affinities  of  Iron. 
Regulus  of  Antimony  Hands  immediately  under- 
neath it,  as  being  the  Metallic  fubHance  which  has 
the  greatefl  affinity  with  it.  Silver,  Copper,  and 
Lead  are  placed  together  in  the  next  fquare  below, 
becaufe  the  degrees  of  affinity  which  thofe  Metals 
have  with  Iron  are  not  exaclly  determined. 

The  fame  is  to  be  faid  of  the  fifteenth  column  : 
Regulus  of  Antimony  Hands  at  its  head;  Iron  is 
immediately  below  it;  and  below  the  Iron  the 
lame  three  Metals  occupy  one  fquare  as  before. 

LaHly,the  fixteenth  column  indicates  thatWater 
has  a greater  affinity  with  Spirit  of  Wine  than  with 
Salts.  By  this  general  expreffion  muH  not  be  under- 
Hood  any  Saline  fubHance  whatever  ; but  only  the 
Neutral  Salts,  which  Spirit  of  Wine  frees  from  the 
water  that  kept  them  in  folution.  Fixed  Alkalis, 
on  the  contrary,  as  well  as  the  Mineral  Acids,  have 
a greater  affinity  than  Spirit  of  Wine  with  W ater: 
fo  that  thefe  Saline  fubHances,  being  well  dephleg- 
mated,  and  mixed  with  Spirit  of  WTine,  imbibe  the 
water  it  contains  and  rectify  it. 

To  thefe  might  be  added  another  ffiort  column, 
havingSpirit  of  Wine  at  its  head:  immediately  be- 
low it  fhould  be  the  charadler  of  Water,  and  below 
that  the  mark  of  Oil.  This  column  would  ffiew 
that  Spirit  of  Wine  has  a greater  affinity  with  Wa- 
ter than  with  Oils;  becaufe  any  Oily  matter  what- 
ever, that  is  difl'olved  in  Spirit  of  Wine,  may  be  ac- 
tually feparated  from  it  by  the  affufion  of  Water. 
This  rule  admits  of  no  exception  but  in  one  cafe  ; 
which  is  when  the  oily  fubHance  partakes  of  the 
nature  of  foap,  by  having  contracted  an  union  with 
fome  faline  matter.  But  as  this  muH  be  imputed 
wholly  to  that  adventitious  faline  matter  being 
iuperadded  to  the  oily  fubHance,  it  is  nojuH  foun- 
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elation  for  an  exception, -and  the  affinity  in  quef, 
tion  is  neverthelefs  general. 

Vfe  have  now  delivered  every  thing  material  that 
we  had  to  fay  concerning  Mr.  Geoffrey's  Table  of 
Affinities.  It  is,  as  we  obferved  before,  of  ex- 
ceeding great  feryicc, as  it  collects  into  one  view  the 
principal  truths  laid  down  in  this  Treatife.  Indeed 
the  mod  advantageous  way  of  ufing  it  is,  not  to 
delay  confulting  it  till  you  have  read  the  book 
through,  but  to  turn  to  it  while  you  are  reading,  as 
oft  as  any  affinity  between  bodies  is  treated  of; 
which  it  will  imprint  more  ftrongly  on  your  mind, 
by  reprefenting  it  in  a manner  before  your  eyes. 


C H A P.  XVIII. 

T 'he  Theory  of  Constructing 
the  Vessels  mof  commonly  ufed  in. 
Chymistry. 

CHY MISTS  cannot  perform  the  operations 
of  their  art  without  the  help  of  a confiderable 
number  of  veffels,  inftruments,  and  furnaces, 
adapted  to  contain  the  bodies  on  which  they  intend 
to.  work,  and  to  apply  to  them  the  feveral  degrees 
of  heat  required  by  different  proceffes.  It  is  there- 
fore proper,  before  w t advance  to  the  operations 
themfelves,  to  confider  particularly  and  minutely 
■what  relates  to  the  inftruments  with  which  they 
are  to  be  performed.  ' ‘ 

VeiTels  intended  for  Chymical  Operations  flhould, 
to  be  perfect,  be  able  to  bear,  without  breaking, 
the  ludden  application  of  great  heat  and  great  cold ; 
be  impenetrable  to  every  thing,  and  unalterable  by 
any  folvent^  unyitriftable,  and  capable  of  enduring 
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the  moft  violent  fire  without  melting:  but  hitherto 
no  vettels  have  been  found  with  all  thefe  qualities 
united. 

They  are  made  of  fundry  materials;  namely,  of 
metal,  of  glafs,  and  of  earth.  Metalline  veffels, 
efpeciallv  thofe  made  of  Iron  or  Copper,  are  apt  to 
be  corroded  by  almoft  every  faline,  oily,  or  even 
aqueous  fubftance.  For  this  reafon,  in  order  to 
render  the  ufe  of  them  a little  more  extenfive,  they 
are  tinned  on  the  infide.  But,  notwithftanding 
this  precaution,  they  are  on  many  occafions  not  to 
be  trutted  ; and  fhould  never  be  employed  in  any 
nice  operations  which  require  great  accuracy : 
they  are,  moreover,  incapable  of  refitting  the  force 
of  fire. 

Earthen  veffels  are  of  feveral  forts.  Some,  that 
are  made  of  a refra&ory  earth,  are  capable  of  being 
iuddenly  expofed  to  a ftrong  fire*  without  break- 
ing, and  even  of  fuftaining  a great  degree  of  heat 
for  a confiderable  time : but  they  generally  fuffer 
the  vapours  of  the  matters  which  they  contain,  as 
well  as  vitrified  metals,  to  pafs  through  them,  efpe- 
cially  the  glafs  of  lead, which  eafily  penetrates  them 
and  runs  through  their  pores  as  through  a fieve. 
There  are  others  made  of  an  earth  that,  when  well 
baked,  looks  as  if  it  were  half  vitrified  : thefe  be- 
ing much  lefs  porous,  are  capable  of  retaining  the 
vapours  of  the  matters  which  they  contain>  and 
even  glafs  of  lead  in  fufion ; which  is  one  of  the 
feveieft  trials  a veffel  can  be  put  to  : but  then  they 
are  more  brittle  than  the  other  fort. 

Good  glafs  veffels  fhould  conftantly  be  employed 
in  preference  to  all  others,  whenever  they  can  pof- 
fibly  be  ufed : and  that  not  only  becaufe  they  are 
no  way  injured  bythemoft  acHvefolvencs,  nor  fuffer 
any  part  of  what  they  contain  to  pafs  through, 
but  alfo  becaufe  their  tranfparency  allows  the  Chy- 
mift  to  obierve  what  paffes  within  them  : which  is 

always  , 
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always  both  curious  and  ufeful.  But  it  is  pity  that 
vefTels  of  this  fort  fhould  not  be  able  to  endure  a 
fierce  fire  without  melting.  We  fhall  take  care, 
when  we  come  todefcribe  tfiefeveral  forts  qf  chy- 
mical  inftruments,  and  the  manner  of  ufingthem, 
to  note  what  vefTels  are  to  be  preferred  to  others  on 
different  occafions. 

Diftillation,  as  hath  been  already  laid,  is  an  ope- 
ration by  which  we  feparate  from  a body,  by  the 
help  of  a gradual  heat,  the  feveral  principles  of 
which  it  confifls. 

There  are  three  methods  of  diftilling.  The  firft 
is  performed  by  applying  the  heat  over  the  body 
whofe  principles  are  to  be  extradled.  In  this  cafe, 
as  the  liquors,  when  heated  and  converted  into  va- 
pours, conftantly  endeavour  to  fly  from  the  center 
of  heat,  they  are  forced  to  re-unite  in  the  lower 
part  pf  the  veffe],  that  contains  the  matter  in  dif- 
tillation,  and  i'o  pa  fling  through  the  pores  or  holes 
of  that  yeflel,  they  fall  into  another  cold  veflfel  ap-^ 
plied  underneath  to  receive  them.  This  way  of 
diftilling  is  on  this  account  called  Diftilling  per 
Dejcenjum.  It  requires  no  other  apparatus  than  two 
vefTels  figured  like  fegments  of  hollow  fpheres, 
whereof  that  which  is  pierced  with  little  holes, 
and  intended  to  contain  the  matter  to  be  diddled, 
fhould  be  much  lefs  than  the  other,  which  is  to 
contain  the  fire,  and  to  fill  its  aperture  exadtly  ; 
the  whole  together  being  lupported  vertically  upon 
a third  vefi'el,  which  is  to  ftrv.e  the  purpofe  of  a 
recipient,  admitting  into  its  mouth  the  convex 
bottom  of  the  veftel  containing  the  matter  to  be 
cfiftilled,  which  muft  accurately  fill  it.  This  me- 
thod of  diftilling  is  but  little  uied. 

The  iecond  method  of  diftilling  is  pci  formed 
by  applying  the  heat  underneath  the  matter  to  be 
decompoled.  On  this  occafion  the  hquois  being 

heated,  rarefied,  and  converted  into  vapours,  iile 

and 
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and  arc  condenfed  in  a veffel  contrived  for  that 
purpofe,  which  we  fhall  prefently  ddcribe.  This 
way  of  diddling  is  called  Diddling  per  AJcenJum , 
and  is  much  ufed. 

The  veffel  in  whicli  this  diftillati.onp<?r  AJcenfum 
is  performed  we  call  an  Alembic. 

There  are  feveral  forts  thereof  differing  from  one 
another  both  in  the  matter  of  which,  arid  the  man- 
ner in  which,  they  are  made. 

Thofe  employed  to  draw  the  odoriferous  waters 
and  effential  oils  of  plants  are  generally  made  of 
copper,  and  confifl  of  feveral  pieces.  The  firft, 
which  is  defignea  to  contain  the  plant,  is  formed 
nearly  like  a hollow  cone,  the  vertex  whereof  is 
drawn  out  in  the  fhape  of  a hollow  cylinder  or  tube : 
this  part  is  named  the  Cucurbit , and  its  tube  the 
Neck  of  the  Alembic.  To  the  upper  end  of  this 
tube  another  vpdel  is  foldered  : this  is  called  the 
Head,  and  commonly  has  likewife  the  form  of  a 
cone,  joined  to  the  neck  of  the  alembic  by  its  bafe, 
round  which,  on  the  infide,  is  hollowed  a fmall 
groove, communicating  with  an  orifice  that  opens  at 
its  moft  depending  part.  To  thisorihee  is  foldered  a 
fmad  pipe  in  a direction  doping  downwards,  which 
is  called  the  No/e}  Spout,  or  Beak  of  the  alembic. 

As  foon  as  the  masters  contained  in  the  alembic 
grow  hot,  vapours  begin  to  an'fe  from  them,  and 
afeending  through  the  neck  of  the  alembic  into  the 
head,  are  by  the  ffdes  thereof  Hopped  and  condenfed  : 
fom  whence  they  trickle  down  in  little  ftreams  to 
Jiegioove,  which  conveys  them  to  the  fpout  j and. 
oy  that  they  pafs  out  of  the  alembic  into  a glafs 
veffel  with  a long  neck,  the  end  of  the  fpout  being 
introduced  into  that  neck,  and  luted  thereto. 

io  facilitate  the  refrigeration  and  condcnfation 
of  the  vapours  circulating  in  the  head,  all  alembics 
of  metal  are  moreover  provided  with  another  piece, 
which  is  a kind  of  large  pan  of  the  fame  metal, 

fitted 
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fitted  and  foldered  round'  the  head,  This  piece 
ferves  to  keep  cold  water  in, which  inceftantly  cools 
the  head,  and  therefore  it  is  called  the  Refrigera 
tory.  The  water  in  the  refrigeratory  itfelf  grows 
hot  after  fome  time,  and  muft  there’! 6* 0 be  changed 
pccafionally  ; the  heated  water  being  firft  drawn 
off-  by  means  of  a cock  fixed  near  the  bottom 
of  the  refrigeratory.  All  copper  alembics  fhould 
be  tinned  on  the  infide  for  the  reafons  already 
given. 

When  faline  fpirits  are  to  be  diftilled,  alembics 
of  metal  muft  not  be  tiled,  becaufe  the  faline  va- 
pours would  corrode  them.  In  this  cafe  recourfe 
muft  be  had  to  alembics  of  glafs.  Thefe  confift 
of  two  pieces  only  ; namely,  a Cucurbit , whofe  fu- 
periour  orifice  is  admitted  into  and  exa&ly  luted 
with  its  Heady  which  is  the  fecond  piece. 

In  general,  as  alembics  require  that  the  vapours 
of  the  matter  to  be  diftilled  fhould  rife  to  aconfi- 
derable  heighth,  they  ought  to  be  ufed  only  when 
the  moft  volatile  principles  are  to  be  drawn  from 
bodies:  and  the  lighter  and  more  volatile  the  fub- 
ftances  to  be  feparated  by  diftillation  are,  the  taller 
muft  the  alembic  be;  becaufe  the  moft  ponderous 
parts,  being  unable  to  rile  above  a certain  heighth, 
fall  back  again  into  the  cucurbit  as  foon  as  they 
arrive  there,  leaving  the  lighter  to  mount  alone, 
whofe  volatility  qualifies  them  to  afcend  into  the 
head. 

When  a matter  is  to  be  diftilled,  that  requires 
a very  tall  alembic,  and  yet  does  not  admit  of  a 
metalline  veftel,  the  end  will  be  beft  anfwered  by 
a glafs  veftel  of  a round  or  oval  ftiape,  having 
a very  long  neck,  with  a fmall  head  fitted  to  its 
extremity.  Such  a veftel  ferves  many  purpoles  : 
it  is  fometimes  employed  as  a receiver,  and  at 
other  times  as  a digefting  veftel;  on  which  laft 
occafton  it  voes  under  the  name  of  a Matrafs . 

When, 
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When,  one  of  thefe  provided  with  a head  is  ap- 
plied to  the  purpofe  of  diftilling,  it  forms  a fort 
cf  alembic. 

There  are  fome  alembics  of  glafs,  blown  in  fuch 
a manner  by  the  workmen,  that  the  body  and  head 
form  but  one  continued  piece.  As  thefe  alembics 
do  not  (land  in  need  of  having  their  feveral  pieces 
luted  together,  they  are  very  uieful  on  fome  occa- 
ftons,  when  fuch  exceeding  fubtile  vapours  rife  as 
are  capable  of  tranfpiring  through  lutes.  The 
head  mull  have  an  aperture  at  the  top,  provided 
with  a fhort  tube,  through  which  by  means  of  a 
funnel  with  a long  pipe,  the  matter  to  bediftilled 
may  be  introduced  into  the  cucurbit.  This  is  to 
be  exactly  clofed  with  a glafs  ftopple,  the  furface 
whereof  muft  be  made  to  fit  the  infide  of  the  tube 
in  every  point,  by  rubbing  thofe  two  pieces  well 
together  with  emery. 

Another  fort  of  alembic  hath  alfo  been  invented, 
which  may  beufed  with  advantage  when  CoMation 
is  required  ; that  is,  when  the  liquor  obtained  by 
diftillation  is  to  be  returned  upon  the  matter  in  the 
cucurbit;  and  efpecially  when  it  is  intended  that 
this  cohobation  (ball  be  repeated  a great  number  of 
times.  The  vefTel  we  are  fpeaking  of  is  conftrudted 
exactly  in  the  fame  manner  as  that  laft  defcribed; 
except  that  its  beak,  inftead  of  being  in  a ftraighc 
line,  as  in  the  other  alembics,  forms  a circular  arch, 
and  re-enters  the  cavity  of  the  cucurbit,  in  order 
to  convey  back  again  the  liquor  colle&ed  in  the 
head.  This  inftrument  hath  commonly  two  beaks 
oppofite  to  each  other,  both  turned  in  this  manner, 
and  is  called  a Pelican:  it  faves  the  artift  the  trouble 
of  frequently  unluting  and  relutiftg  his  vefiels,  as 
well  as  the  lofs  of  a great  many  vapours. 

There  are  certain  fubftances  which  in  diftillation 
afford  matters  in  a concrete  form,  or  rife  wholly  in 
the  form  of  a very  light  powder,  called  Flo  ivers. 

3 When 
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When  fuch  fubftances  are  to  be  di frilled,  the  cu- 
curbit which  contains  them  is  coveted  with  a head 
without  a nofe,  which  is  named  a Blind-head. 

When  the  flowers  rife  in  great  quantities  and  very 
high,  a number  of  heads  is  employed  to  collect 
them  ; or  rather  a number  of  a kind  of  pots,  con- 
fifting  of  a body  only  without  any  bottom,  which 
fitting  one  into  the  other  form  a canal,  that  may  be 
lengthened  or  Ihortened  at  pleafure,  according  as 
the  flowers  to  be  fufilim'ed  are  more  or  left  volatile. 
The  laft  of  the  heads,  which  terminates  the  canal, 
is  quite  clofe  at  one  end,  and  rfiakes  a true  blind- 
head.  Thefe  veil'd s are  called  Aludels  : they  arc 
ufually  of  eartlieh  or  ftone  ware. 

All  the  veflels  above-mentioned  are  fit  only  for 
diftillihg  fuch  light  volatile  matters  as  can  be 
eaflly  raifed  and  brought  over;  fuch  as  phlegm, 
efiential  oils,  fragrant  waters,  acid  oily  fipflrits,  vo- 
latile alkalis,  &t.  But  When  the  point  is  fo  pro- 
cure by  diftillation  principles  that  are  much  left 
volatile,  and  incapable  of  rifling  high,  finch  as  the 
thick  fetid  oils,  the  vitriolic,  the  nitrous,  and  the 
marine  acids;  &hr.  we  are  under  a neceflity  of  hav- 
ing recourfe  to  other  veflels,  and  another  manner 
of  diftilling. 

It  is  eafy  to  imagine  that  fuch  a veflel  mtrfrbe 
much  lower  than  the  alembic.  It  is  indeed  no  more 
than  a hollow  globe,  whofe  upper  part  degenerates 
into  a neck  or  tube,  that  is  bent  into  a horizontal 
pofition ; for  which  reafon  this  inftrument  is  called 
a Retort : it  is  always  of  one  Angle  piece.  ^ 

The  matter  tO  be  diftilled  is  introduced  into  the 
body  of  the  retort  by  means  of  a ladle  with  a long 
tubular  fliank.  Then  it  is  fet  in  a furnace  built  pur- 
pofcly  for  this  ufe,  and  fo  that  the  neck  of  the  retort 
coming  out  of  the  furnace  may,  like  the  nofe  of  the 
alembic.  Hand  in  a Hoping  pofition,  to  facilitate 
the  egrefs  of  the  liquors,  which  by  its  means  are 
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conveyed  to  a receiver,  into  which  it  is  introduced, 
and  with  which  it  is  luted.  This  way  of  diftillino-, 
in  which  the  vapours  feem  rather  to  be  driven  out 
of  the  velfel  horizontally  and  laterally,  than  raifed 
up  and  fublimed,  is  for  that  reafon  called  Dillilla- 
tion  per  Latus. 

Retorts  are,  of  all  the  inftrum'ents  of  diftillatioh, 
thole  that  m'uft  fuftain  the  greateft  heat,  and  refill 
the  flrongeft  folvents;  and  therefore  they  mull  not 
be  made  of  metal.  Some  however,  which  are  made 
of  iron  may  do  well  enough  on  certain  o’ccafions: 
the  reft  are  either  of  glafs  or  earth.  Thofe  of  glafs, 
for  the  reafons  above  given,  are  preferable  to  the 
other  fort,  in  all  cafes  where  they  are  not  to  be 
expoled  to  fuch  a force  of  fire  as  may  melt  them. 
The  bell  glafs,  that  which  Hands  both  heat  and 
folvents  bell,  is  that  in  which  there  are  feweft  al- 
kaline fairs.  Of  this  fort  is  the  green  German 
glafs : the  beautiful  white  cryftal  gtafs  is  far  from 
being  equally  ferviceable. 


Retorts,  as  well  as  alembics,  may  be  of  different 
forms.  For  example,  lome  matters  are  apt  to  fwell, 
and  rife  over  the  neck  of  the  retort  in  fubftance, 
without  fuffering  any  decompofition  5 when  fuch 
matters  are  to  be  diftilled  in  a retort,  it  is  proper 
that  the  body  of  the  veffel,  inftead  of  being  globu- 
lar, be  drawn  out  into  the  form  of  a pear,  fo  as 
nearly  to  refemble  that  of  a cucurbit.  In  a retort 
of  this  kind,  the  dillance  between  the  bottom  and 
the  neck  being  much  greater  than  in  thofe  whofe 
bodies  are  fphcncal,  the  matters  contained  have 
much  more  room  for  expanfion  ; fo  that  the  in- 
convenience here  mentioned  is  thereby  prevented' 
Retorts  of  this  form  are  called  Englifh  retorts.  As 
they  hold  the  middle  place  between  alembics,  and 
common  retorts,  they  may  be  ufed  to  diftil  fuch 
matters  as  have  a mean  degree  of  volatility  be- 
tween the  greateft  and  the  lead.  ( ' 
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It  is  moreover  proper  to  have,  in  a laboratory, 
fundry  retorts  with  necks  of  different  diameters. 
Wide  necks  will  be  found  the  fitted  for  conveying 
thick  matters,  and  fuch  as  readily  become  fixed ; 
for  inftance,  lome  very  thick  fetid  oils,  butter  of 
antimony,  &c. : for  as  thefe  matters  acquire  a con- 
fiftence  as  foon  as  they  are  out  of  the  reach  of  a cer- 
tain degree  of  heat,  they  would  foon  choak  a nar- 
row neck,  and  by  flopping  the  vapours,  which  rife 
at  the  fame  time  from  the  retort,  might  occafion 
the  burfting  of  the  veftels. 

Some  retorts  are  alfo  made  with  art  opening  on 
their  upper  fide,  like  that  of  tubulated  glafs  alem- 
bics, which  is  to  be  clofed  in  the  fame  manner  with 
a glafs  flopple.  Thefe  retorts  are  alfo  called  Tu- 
bulated retorts,  and  ought  always  to  be  ufed  when- 
ever it  is  neceffary  to  introduce  frefh  matter  into 
the  retort  during  the  operation  ; feeing  it  may  be 
done  by  means  of  this  invention,  without  uniuting 
and  reluting  the  veftels ; which  ought  always  to 
be  avoided  as  much  as  poffible. 

One  of  the  things  that  mod  perplexes  the  Chy- 
mifls,  is  the  prodigious  elallicity  of  many  different 
vapours,  which  are  frequently  difcharged  with  im~ 
petuofity  during  the  diftillation,  and  are  even  capa- 
ble of  burfting  the  veftels  with  explofion,  and  with 
danger  to  the  artift."  On  fuch  occafions  it  is  abio- 
lutely  neceffary  to  give  thefe  vapours  vent,  as  we 
Jliall  direft  in  its  proper  place : but  as  that  can  ne- 
ver be  done  without  lofinga  great  many  of  them  j 
as  l'ome  of  them  in  particular  are  fo  elaftic  that 
Icarce  any  at  all  would  remain  in  the  veflel ; for 
inftance,  thofe  of  the  fpirit  of  n itre,  and  efpecially 
thofe  of  the  fmoking  fpirit  of  ialt;  the  practice  is  to 
make  ufe  of  very  large  receivers,  of  about  eighteen 
or  twenty  inches  diameter,  that  the  vapouis  may 
have  fufticient  room  to  circulate  in,  and  by  apply- 
ing to  the  widefurface  prefcnted  them  by  the  exten* 
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$1  **  vcfTcl^  may  be  condenfed 

into  drops.  Thefe  huge  receivers  are  commonly  in 
the  form’  of  hollow  globes,  and  are  called  Ballons. 

To  give  thefe  vapours  Hill  more  room,  ballons 
have  been  contrived  with  two  open  gullets  in  each 
diametrically  oppofite  to  one  another;  whereof  one 
admits  the  neck  of  the.  retort,  and  the  other  is  re- 
ceived by  one  of  the  gullets  of  a fecond  ballon  of 
the  fame  form,  which  is  joined  in  like  manner  to 
a third,  and  10  on.  By  this  artifice  the  fpace  may 
be  enlarged  at  pleafure.  Thefe  ballons  with  two 
necks  are  called  Adopters. 

Operations  on  bodies  that  are  abfolutely  fixed, 
as  metals,  Hones,  fand,  &c.  require  only  fuch 
velfels  as  are  capable  of  containing  thofe  bodies 
and  refifting  the  force  of  fire.  Thefe  veffels  are 
.little  hollow  pots,  of  different  dimenfions,  which 
are  called  Crucibles.  Crucibles  can  hardly  be  made 
(of  any  thing  but  earth;  they  ought  to  have  a cover 
of  the  lame  material  fitted  to  fhut  them  ciofe. 
Cue  bell  earth  we  know  is  that  whereof  thofe  pots 
are  made  in  which  butter  is  brought  from  Bre- 
tagne : thefe  pots  themfelves  are  exceeding  o-ood 
■-rucioles ; and  they  are  almoft  the  only  ones  that 
ure  capable  of  holding  glafs  of  lead  in  fufion 
■without  being  penetrated  by  it. 

For  the  mailing  of  ores,  that  is,  freeing  them, 

}y  the  help  of  fire,  from  their  fulphurcous  and 
irfemcal  parts,  little  cups  made  of  the  fame  mate- 
•ial  with  crucibles  are  ufed ; but  they  are  made 
lai , tnallow,  and  wider  above  than  below,  that 
fhefe  voiatile  matters  may  the  more  freely  exhale. 

hde  veflels  are  called  Tells,  or  Scorifiers : they 
ire  Icarce  ever  ufed  but  in  the  Docimaftic  art, 
hat  is,  in  making  fmall  Affays  of  ores. 
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CHAP.  XIX. 

<£-he  Theory  of  Constructing  the 
Furnaces  mojl  commonly  ufed  in 
Chymistry. 


SK  I LL  in  conducting  and  applying  fire  pro- 
perly, and  determining  its  different  degrees, 
is  of  very  great  confequence  to  the  fuccefs  of  Chy- 
mical  operations. 

As  it  is  exceeding  difficult  to  govern  and  mode- 
rate the  aftion  of  fire,  when  the  velTels  in  which 
any  operation  is  performed  are  immediately  ex- 
pofed  to  it,  Chymifts  have  contrived  to  convey 
heat  to  their  veffels,  in  nice  operations,  through 
different  mediums,  which  they  place  occafionally 
between  thole  veffels  and  the  fire. 

Thofe  intermediate  l'ubftances  in  which  they 
pluno-e  their  veffels  are  called  Baths.  They  are 
cither  fluid  or  folid  : the  fluid  baths  are  water  or 
its  vapours.  When  the  diftillmg  veffel  is  let  m 
water,  the  bath 'is  called  Balneum  Marta,  ox  the 
lVater-Bath ; and  the  greateft  degree  of  heat  ot 
which  i t is  fufceptible  is  that  of  boiling  water. 
When  the  veffel  is  expofed  only  to  the  vapours 
which  exhale  from  water,  this  forms  the  Vapour- 
Bath  ; the  heat  of  which  is  nearly  the  fame  with 
that  of  the  Balneum  Maria.  Thefe  baths  aie  u e- 
ful  for  diddling  effential  oils,  ardent  fpints,  fweet- 
fcented  waters ; in  a word,  all  fuch . fubftanres  as 
cannot  bear  a greater  heat,  without  prejudice 

either  to  their  odour,  or  to  fome  of  their  other 
qualities. 
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Baths  may  alfo  be  made  of  any  other  fluids' 
fuch  as  oils,  mercury,  &c.  which  are  capable  of 
receiving  and  communicating  much  more  heat : 
but  they  are  very  feldom  ufed.  When  a more  con- 
iiderable  degree  of  heat  is  required,  a bath  is  pre- 
pared of  any  folid  matter  reduced  to  a fine  powder; 
fuch  as  fand,  allies,  filings  of  iron,  '&c.  The  hear 
of  thefe  baths  may  be  pufhed  fo  far  as  to  make  the 
bottom  of  the  veifel  become  faintly  red.  By  plung- 
ing a thermometer  into  the  bath,  by  the  fide  of  the 
veil'd,  it  is  eafy  to  obferve  the  precife  degree  of 
heat  appplied  to  the  fubftance  on  which  you  are 
working.  It  is  necefiary  that  the  thermometers 
employed  on  this  occafion  be  conftru&ed  on  good 
pnnciples,and  fo  contrived  as  to  be  eafily  compared 
with  thofe  of  the  moft  celebrated  natural  philofo- 
phers.  X hole  of  the  illuftrious  Reaumur  are  moft 
ufed  and  belt  known,  fo  that  it  would  not  be  amifs 
to  give  them  the  preference.  When  a greater  heat 
is  required  than  any  of  thofe  baths  can  give,  the 
' veffels  muft  be  fet  immediately  on  live  coals,  or  in 
a flaming  fire:  this  is  called  working  with  a naked 
fiie,  and  in  this  cafe  it  is  much  more  difficult  than 
in  the  other  to  determine  the  degrees  of  heat. 

There  are  feveral  ways  of  applying  a naked  fire. 

A nen  the  heat  or  flame  is  reflected  upon  the  upper 
1 Part  °f  a veflel  which  is  expofed  to  the  fire,  this  is 
called  a Reverberated  heat.  A Melting  heat  is  that 
which  is  ftrong  enough  to  fufe  moft  bodies.  A 
gorging  heat  is  that  of  afire  which  isforcibly  excited 
by  the  conftant  blaftof  a pair  of  bellows,  or  more. 

i here  is  alio  another  fort  of  fire  which  ferves 
r c°tnmodioufly  for  many  operations,  becaufe  it 
does  not  require  to  be  fed  or  frequently  mended  * 
tins  is  afrorded  by  a lamp  with  one  or  more 
wicks,  and  may  be  called  a Lamp-heat.  It  is 
fcarce  ever  employed  but  to  heat  baths,  in  opera- 
tions which  require  a gentle  and  long  continued 

N 2 , warmth ; 
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warmth  : if  it  hath  any  fault,  it  is  that  of  growing 
gradually  hotter. 

All  the  different  ways  of  applying  fire  require 
Furnaces  of  different  conft ru&ions : we  fhall  there- 
fore defcribe  fuch  as  are  of  principal  and  moft 
neceffary  ufe. 

Furnaces  muft  be  divided  into  different  parts  or 
ftories,  each  of  which  has  its  particular  ufe  and 


name.  „ , _ , r , c 

The  lower  part  of  the  furnace  deiignea  ter  re- 
ceiving the  afhes,  and  giving  paffage  to  the  air,  is 
called  the  Afb-hole.  The  afh-hole  is  terminated 
above  by  a Grate,  the  ufe  of  which  is  to  fupport  the 
coals  and  wood,  which  are  to  be  burnt  thereon : 
this  part  is  called  the  Fire-place.  The  fire-place  is 
in  like  manner  terminated  above  by  feverai  iron 
bars,  which  lie  quite  acrofs  it  from  right  to  left,  m 
lines  parallel  to  each  other : the  ufe  of  thefe  bars  is 
to  fuftain  the  veffels  in  which, the  operations  are  to 
be  performed.  The  fpace  above  thefe  bars  to  the 
top  of  the  furnace  is  the  upper  ftory,  and  may  be 
called  the  Laboratory  of  the  furnace.  Laftly,  tome 
furnaces  are  quite  covered  above  by  means  of  a 
kind  of  vaulted  roof  called  the  dome. 

Furnaces  have  moreover  feverai  apertures : one 
of  thefe  is  at  the  afh-hole,  which  gives  pad  age  to 
the  air,  and  through  which  the  afhes  that  rail 
through  the  grate  are  raked  out  ; this  aperture  is 
called  the  afn-hole  door:  another  is  at  the  fire- 
place, through  which  the  fire  is  fupplied  with  fuel, 
as  occafion  requires ; this  is  called  the  mouth  or 
door  of  the  fire-place,  or  the  ftoke-hole  : there  is 
a third  in  the  upper  ftory,  through  which  the  neck 
of  the  veffel  paffes  ; and  a fourth  in  the  dome  tor 
carrying  off  the  fuliginoGties  of  combuftible  mat- 
ters, which  is  called  the  chimney. 

To  conclude,  there  are  leveral  other  openings 
\n  the  feverai  parts  of  the  furnace,  the  ufe  whereof 
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is  to  admit  the  air  into  thofe  places,  and  alfo,  as 
they  can  be  eafily  fhut,  to  incite  or  flacken  the 
activity  of  the  fire,  and  fo  to  regulate  it 5 which  has 
procured  them  the  title  of  regifters.  All  the  other 
openings  of  the  furnace  Ihould  be  made  to  fhut 
very  clofe,  the  better  to  affift  in  governing  the  fire  ; 
by  which  means  they  likewife  do  the  office  of 
regifters. 

In  order  to  our  forming  a juft  and  general  idea 
of  the  conftruftion  of  furnaces,  and  of  the  difpofi- 
cion  of  the'  feveral  apertures  in  them,  with  a view 
to  increafe  or  diminifh  the  activity  of  the  fire,  it 
v.ffil  be  proper  to  lay  down,  as  our  ground-work, 
certain  principles  of  natural  philofophy,'  the  truth 
of  which  is  demonftrated  by  experience. 

And  firft,  every  body  knows  that  combuftible 
matters  will  not  burn  or  confume  unlefs  they  have 
a free  communication  with  the  air^  infomuch  that 
: if  they  be  deprived  thereof,  even  when  burnino- 
moft  rapidly,  they  will  be  extinguifhed  at  oncet 
that  coniequently  combuftion  is  greatly  promoted 
by  the  frequent  acceffion  of  frefh  air,  and  that  a 
ftream  of  air,  diretfted  fo  as  to  pafs  with  impetuo- 
sity through  burning  fuel,  excites  the  fire  to  the 
:greateft  poffible  a&ivity. 

Secondly,  it  is  certain  that  the  air  which  touches, 
or  comes  near  ignited  bodies  is  heated,  rarefied! 
and  rendered  lighter  than  the  air  about  it,  that  is! 
further  diftant  from  the  center  of  heat ; and  con- 
equently  that  this  air,  fo  heated  and  become 
lghter,  is  necefiarily  determined  thereby  to  afcend* 
ind  mount  aloft,  in  order  to  make  room  for  that 
-vhich  is  lefs  heated  and  not  fo  light,  which  by  its  ’ 
weight  and  elafticity  tends  to  occupy  the  place 
putted  by  the  other.  Another  confequence  here- 
>f  is,  that  if  the  fire  be  kindled  in  a place  inclofed 
very  where  but  above  and  below,  a current  of  air 
/ill  be  formed  in  that  place,  running  in  a direc- 

3 , tion 
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tion  from  the  bottom  to  the  top ; fo  that  if  any 
light  bodies  be  applied  to  the  opening  below,  they 
will  be  carried  up  towards  the  fire 3 but,  on  the 
contrary,  if  they  be  held  at  the  opening  above, 
they  will  be  impelled  by  a force  which  will  drive 
them  up  and  carry  them  away  from  the  fire. 

Thirdly  and  laftly,  it  is  a truth  demonftrated  in 
hydraulics  that  the  velocity  of  a given  quantity  of 
any  fluid, determined  to  flow  in  any  direction  what- 
ever, is  fo  much  the 'greater  the  narrower  the  chan- 
nel is  to  which  that  fluid  is  confined  ; and  confe- 
quently  that  the  velocity  of  a fluid  will  be  increafed 
by  making  it  run  from  a wider  through  a,  narrower 

paffage.  ' . 

Tliefe  principles  being  eftablifhed,  it  is  eafy  to 
apply  them  to  thy  conftruction  of  furnaces.  Firfl, 
if  a/fire  be  kindled  in  the  fire-place  of  a furnace, 
which  is  open  on  all  fides,  it  burns  nearly  as  if  it 
were  in  the  open  air.  It  has  with  the  fin  rounding 
sir  a free  communication  3 fo  that  frefh  air  is  con- 
tinually admitted  to  facilitate  the  enure  combuf- 
tion  of  the  inflammable  matters  employed  as  fuel. 
But  there  being  nothing  to  determine  that  air  to 
pals  with  rapidity  through  the  fire  in  this  cafe,  it 
does  not  at  all  augment  the  activity  thereof,  but 

1 offers  it  to  wafte  away  quietly. 

Secondly,  if  the  afh-hole  or  dome  of  a furface, 
in  which  a fire  is  burning,  be  fhut  quite  clofe,  then 
there  is  no  longer  any  free  communicarion  between 
- the  air  and  thefoe  : if  the  afh-hole  be  fhut,  the  air 
is  debarred  from  having  free  acceis  to  the  fire  5 it 
trie  dome  be  ftopt,  the  egrefs  of  the  air  rarefied  by 
the  fire  is  prevented  3 and  confequently  the  hre 
muft  in  either  cafe  burn  very  faintly  and  flowly, 
gradually  die  away,  and  at  laft  go  quite  out. 

Thirdly,  if  all  the  openings  of  the  furnace  be 
wholly  doled,  it  is  evident  that  the  fire  will  be  very 

quickly  extinguiftfd.,"  Fourthly5 
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’Fourthly,  if  only  the  lateral  openings  of  the  fire- 
place be  fhut,  leaving  the  afh-hole  and  upper  part 
of  the  furnace  open  ; it  is  plain  that  the  air 
entering  by  the  afh-hole  will  necefTarily  be  deter- 
mined to  go  out  at  top,  and  that  confequently  a 
current  of  air  will  be  formed,  which  will  pafs 
through  the  fire,  and  make  it  burn  brifkly  and 
vigoroufly. 

Fifthly,  if  both  the  afh-hole  and  the  upper  ftory 
of  the  furnace  be  of  fome  length,  and  form  canals 
either  cylindric  or  prifmatic,  then  the  air  being 
kept  in  the  fame  direction  through  a longer  fpace, 
the  courfe  of  its  ftream  will  be  both  ftronger  and 
better  determined,  and  confequently  the  fire  will 
be  more  animated  by  it. 

Sixthly  and  laftly,  if  the  afh-hole  andthe  upper 
part  of  the  furnace,  inftead  of  being  cylindric  or 
prifmatic  canals,  have  the  form  of  truncated  cones 
or  pyramids,  handing  on  their  bafes,  and  fo  or- 
dered that  the  upper  opening  of  the  afh-hole,  ad- 
joining to  the  fire-place,  may  be  wider  than  the 
bafe  of  the  fuperiour  cone  or  pyramid,  then  the 
ftream  of  air,  being  forced  to  pafs  inceflantly  from 
a larger  channel  through  a fmaller,  muft  be  con- 
fiderably  accelerated,  and  procure  to  the  fire  the 
greateft  activity  which  ft  can  receive  from  the 
make  of  a furnace. 

The  materials  fitteft  for  building  furnaces  are, 

1.  Bricks,  joined  together  with  potters  clay  mixed 
with  fand  and  moiftened  with  water.  2.  Potters  ' 
clay  mingled  with  potfherds,  moiftened  with  wa- 
ter, and  baked  in  a violent  fire.  3.  Iron  ; of 
which  all  furnaces  may  be  made,  with  this  precau- 
tion, that  the  infide  be  provided  with  a great  many 
prominent  points,  as  faftenings  for  a coat  of  earth, 
with  which  the  internal  parts  of  the  furnace  muft 
necefTarily  be  covered  to  defend  if  from  the  aftion 
of  the  fire, 
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The  reverberating  furnace  is  one  of  thofe  that 
are  moft  employed  in  Chymiftry  : it  is  proper  for 
di ddhuions  by  the  retort,  and  fhould  be  conftru<9> 
ed  in  the  following  manner. 

Firft,  the  ufe  of  the  afh-hole  being,  as  was  faid, 
to  give  paffage  to  the  air  and  to  receive  the  afhes, 
no  bad  confequence  can  attend  its  being  made 
pretty  high  : it  may  have  from  twelve  to  twenty 
or  twenty-four  inches  in  heighth.  Its  apertures 
fhould  be  wide  enough  to  admit  billets  of  wood, 
when  a great  fire  is  to  be  made.. 

Secondly,  the  afh-hole  mud  be  terminated  at 
its  upper  part  by  an  iron  grate,  the  bars  of  which 
fhould  be  very  fubftantial,  that  they  may  relift  the 
action  of  the  fire  : this  grate  is  the  bottom  of  the 
fire-place, and  deftined  to  fupport  the  coals.  In  the 
lateral  part  of  the  fire-place,  and  nearly  about  the 
fame  heighth  with  the  grate,  there  fhould  be  a hole 
of  fuch  a fize  that  it  may  eafily  admit  charcoal,  as 
well  as  littletongsand  fhovels  for  managing  the  fire. 
This  aperture  or  mouth  of  the  fire-place  ftiould  be 
.perpendicularly- over  the  mouth  of  the  afh-hole. 

Thirdly,  from  fix  to  eight  or  ten  inches  high 
above  the  grate  over  the  afh  hole,  little  apertures 
muft  be  made  in  the  walls  of  the  furnace,  of  eightor 
ten  lines  in  diameter,  an  inch  from  one  another,  and 
thofe  in  one  fide  muft  be  diametrically  oppofite  to 
thofe  in  the  other.  The  ufe  of  thefe  holes  is  to  re- 
ceive bars  of  iron  for  the  retort  to  reft  on  3 which 
jhouid  be,  as  I faid,  at  different  heights,  in  order  to 
accommodate  retorts  of  different  fizes.  At  the  up- 
per extremity  of  this  part  of  the  furnace,  which 
reaches  from  the  iron  bars  to  the  top,  the  heighth 
w'hereof  fhould  b'e  fomewhat  leis  than  the  width  of 
the  furnace,  muft  be  cut  a femi-circular  aperture 
for  the  neck  of  the  retort  to  come  through.  1 his 
hole  muft  by  no  means  be  over  the  doors  of  the  fire- 
place and  afh-hole  j for  then,  as  it  gives  paffage  to  the 

neck 
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neck  of  the  retort,  it  rrmft  of  courfe  be  oppofite  to 
the  receiver,  and  in  that  cafe  the  receiver  itfelf 
would  {land over  againftthofe  two  apertures  j which 
would  be  attended  with  this  double  inconvenience, 
that  the  receiver  would  not  only  grow  very  hot, 
but  greatly  embarrafs  the  operator,  whofefree  ac- 
cefs  to  the  fire-place  and  afh-hole  would  be  thereby 
obftrufted.  It  is  proper  therefore  that  the  femi-cir- 
cular  cut  we  are  fpeaking  of  be  fo  placed,  that  when 
the  greateft  ballons  are  luted  to  the  retort, they  may 
leave  an  open  p adage  to  the  fire-place  and  afh-hole. 

Fourthly,  in  order  to  cover  in  the  laboratory  of 
the  reverberating  furnace,  there  mufl  be  a roof 
made  for  it  in  the  form  of  a cupola,  or  concave 
hemifphere,  having  the  fame  diameter  as  the  fur- 
nace. This  dome  fhould  have  a femi-circular  cut 
in  its  rim  anfwering  to  that  above-directed  to  be 
made  in  the  upper  extremity  of  the  furnace,  fo  that, 
when  adjufted  to  each  other,  the  two  together  may 
form  a circular  hole  for  the  neck  of  the  retort  to 
pafs  through.  At  the  top  of  this  dome  there  muft 
alfo  be  a circular  hole  of  three  or  four  inches  dia- 
meter, carrying  a fhort  tapering  funnel  of  the  fame 
diameter,  and  three  inches  high,  which  will  ferve 
for  a chimney  to  carry  off  all  fuliginofities,  and  ac- 
celerate the  current  of  the  air.  This  paffage  may 
be  fhut  at  pleafure  with  a flat  cover.  Moreover, 
as  it  is  neceffary  that  the  dome  fhould  be  taken  off 
and  put  on  with  eafe,  it  fhould  have  two  ears  or 
handles  for  that  purpofe:  a portative  or  moveable 
fui nace  fhould  alio  have  a pair  of  handles,  fixed 
oppofite  to  each  other,  between  the  afh-hole  and 
the  fire-place. 

Sixthly  and  laftly,  a conical  canal  muft  be  pro- 
vided of  about  three  feet  long,  and  fufficiently  wide 
at  its  lower  end  to  admit  the  funnel  of  the  aperture 
at  the  top  of  the  dome.  1 his  conical  tube  is  to  be 
applied  to  the  dome  when  the  fire  is  required  to  be 

extremely 
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extremely  adlive  : it  tapers  gradually  from  its  bafe 
upwards,  and  breaks  off  as  if  truncated  at  top, 
where  it  fhould  bq  about  two  inches  wide. 

Bendes  the  apertures  already  mentioned  as  necef- 
fary  for  a reverberating  furnace,  there  muft  alfo  be 
many  other  fmaller  holes  made  in  its  afh-hole,  fire-, 
place,  laboratory,  and  dome,  which  muft  all  be  fo 
contrived  as  to  be  eafily  opened  and  fhut  with  flop- 
pies of  earth  : thefe  holes  are  the  regifters  of  the 
furnace,  and  ferve  to  regulate  the  activity  of  the 
fire,  according  to  the  principles  before  laid  down. 

When  the  adtion  of  the  fire  is  required  to  be 
exa&ly  uniform  and  verybrifkyit  is  neceflary  to  flop 
carefully  with  moift  earth  all  the  little  chinks  in  the 
juncture  of  the  dome  with  the  furnace,  between  the 
neck  of  the  retort  and  the  circular  hole  through 
which  it  paffes,  and  which  it  never  fills  exabtly  ; 
and  laftly,  the  holes  which  receive  the  iron  bars 
that  fuftain  the  retort. 

It  is  proper  to  have,  in  a laboratory,  feveral  re- 
verberating furnaces  of  different  magnitudes  ; be- 
caufe  they  muft  be  proportioned  to  the  fize  of  the 
retorts  employed.  The  retort  ought  to  fill  the 
furnace,  fo  as  to  leave  only  the  diftance  of  an  inch 
between  it  and  the  infide  of  the  furnace. 

Yet  when  the  retort  is  to  be  expofed  to  a mod 
violent  fire,  and  efbecially  when  it  is  requned  that 
the  heat  fhall  act  with  equal  force  on  all  parts  of  the 
furnace,  and  as  ftrongly  on  its  vault  as  on  its  bot- 
tom, a greater  diftance  muft  be  left  between  the 
retort  and  the  infide  of  the  furnace  j for  then  the 
furnace  may  be  filled  with  coals,  even  to  the  upper 
part  of  the  dome.  If  moreover  fome  pieces  of 
wood  be  put  into  the  afh-hole,  the  conical  canal 
fitted  on  to  the  funnel  of  the  dome,  and  all  the 
apertures  of  the  furnace  exactly  clofed,  except  the 
afh-hole  and  the  chimney,  the  greateft  heat  will 
then  be  excited  that  this  furnace  can  produce. 
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The  furnace  nowdefcribed  mayalfo  be  employed 
in  many  other  chymic^  operations.  If  the  dome 
belaid  afide,  an  alembic  may  very  well  be  placed 
therein  : but  then  the  fpace,  which  will  be  left  be- 
tween the  body  of  the  alembic  and  the  top  of  the 
upper  part  of  the  furnace,  muft  be  carefully  filled 
up  with  Windfor-loam  moiftened;  for  without  that 
precaution  the  heat  would  foon  reach  the  very  head, 
which  ought  to  be  kept  as  cool  as  potfible,  in  order 
to  promote  the  condenfation  of  the  vapours.  On 
this  occafion  therefore  it  will  be  proper  to  leave 
no  holes  open  in  the  fire-place,  but  the  lateral 
ones;  of  which  alfo  thofe  over-againft  the  receiver 
muft  be  flopped. 

A pot,  or  broad-brimmed  earthen  pan,  may  be 
placed  over  this  furnace,  and  being  fo  fitted  to  it 
as  to  clofe  the  upper  part  thereof  accurately,  and 
filled  with  fand,  may  ferve  for  a fand-heat  to  diftil 
with. 

The  bars  defigned  to  fupport  diftilling  veflels 
being  taken  out,  a crucible  may  ftand  therein,  and 
many  operations  be  performed  that  do  not  require 
the  utmoft  violence  of  fire.  In  a word,  this  fur- 
nace is  one  of  the  moft  commodious  that  can  b£, 
and  more  extend vely  ufeful  than  any  other. 

The  Melting  furnace  is  defigned  for  applying 
the  greateft  force  of  heat  to  the  moft  fixed  bodies, 
fuch  as  metals  and  earths.  It  is  never  employed  in. 
diftilling:  it  is  of  no  ufe  but  for  calcination  and  - 
fufion  ; and  confequently  need  not  admit  any  vef- 
fels  but  crucibles. 

The  afh-hole  of  this  furnace  differs  from  that  of 
the  reverberating  furnace  only  in  this,  that  it  muft 
be  higher  ,in  order  to  raife  the  fire-place  toa  level  with 
the  artift  s hand;  becaufe  in  that  all  the  operations 
of  this  furnace  are  performed.  The  afh-hole  there- 
fore muft  be  about  three  fee t high : and  this  heio-hth 
procures  it  moreover  the  advantage  of  a good 

• draught 
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draught  of  air.  hot  the  fame  reafon,  and  in  con- 
fequerice  of  the  principles  w?  laid  down,  it  ftiould 
be  fo  built  that  its  width  leffenlhg  infenlibly  from 
the  bottom  to  the  top,  it  may  be  narrower  where 
it  opens  into  the  fire-place  than  any  where  below. 

The  afh-hole  is  terminated  at  its  upper  end,  like 
that  of  the  reverberating  furnace,  by  a grate,  which 
ferves  for  the  bottom  of  the  fire-place^  and  ought  to 
be  very  fubftantial  that  it  may  re  lift  the  violence  of 
the  fire.  The  infide  of  this  furnace  is  commonly  an 
elliptic  curve;  becaufeit  isdeitionftrated  by  mathe- 
maticians that  furfaces  having  that  curvature  reftedt 
the  rays  of  the  fun,  or  of  fire,  in  fuch  a manner 
■that  meeting  in  a point,  or  aline,  they  produce  there 
a violent  heat.  But  to  anfwer  this  purpofe  thofe 
furfaces  muft  be  finely  polifhed ; an  advantage 
hardly  procurable  to  the  internal  furface  of  this  fur- 
nace, which  can  be  made  of  nothing  but  earth  : 
befides,  if  it  were  poflible  to  give  it  a polifh,  the 
violent  a6tion  of  the  fire  that  muft  be  employed 
in  this  furnace  would  prefently  deftroy  it.  Yet 
the  elliptical  figure  muft  not  be  entirely  difre- 
garded  : for,  if  care  be  taken  to  keep  the  internal 
furface  of  the  furnace  as  fmooth  as  poffible,  it  will 
certainly  refteft  the  heat  pretty  ftrongly,  and  col- 
left  it  -about  the  center.  - 

The  fire-place  of  this  furnace  ought  to  have  but 
four  apertures. 

Fir ft,  that  of  the  lower  grate,  which  communi- 
cates with  the  afh-hole. 

Secondly,  a door  in  its  fore-fide,  through  which 
may  be  introduced  coals,  crucibles,  and  tongs  for 
managing  them  : this  aperture  fhould  be  made  to 
ihut  exaftly  with  a plate  of  iron,  having  its  infide 
coated  with  earth,  and  turning  on  two  hinges  fixed 
to  the  furnace. 

/Thirdly,  over  this  door  a hole  flanting  down- 
wards, towards  the  place  where  the  crucible  is  to 

r ftand< 
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Hand.  The  ufe  of  this  hole  is  to  give  the  operator 
an  opportunity  of  examining  the  condition  of  the 
matters  contained  in  his  crucible,  without  opening 
the  doorof  the  fire-place:  this  holefhould  be  made 
to  open  and  (hut  eafily,  by  means  of  a Hopple  of 
earth.  ' 

Fourthly,  a circular  aperture  of  about  three 
inches  wide  in  the  upper  part  or  vault  of  the  fur- 
nace, which  fhould  gradually  leiTen  and  terminate,  • 
like  that  of  the  dome  of  the  reverberating  furnace, 
in  a Ihort  conical  funnel  of  about  three  inches  long, 
and  fitted  to  enter  the  conical  pipe  before  de- 
fcribed,  which  is  applied  when  the  a&ivity  of  the 
fire  is  to  be  increased. 

When  this  furnace  is  to  be  ufed,  and  a crucible 
to  be  placed  in  it,  care  mud  be  taken  to  fet  on  the 
grate  a cake  of  baked  earth,  fomewhat  broader  than 
the  foot  of  the  crucible.  The  ufe  of  this  Hand  is 
to  lupport  the  crucible,  and  raife  it  above  the 
grate,  for  which  'purpofe  it  fhould  be  two  inches 
thick.  Were  it  not  for  this  precaution  the  bottom 
of  the  crucible,which  fhould  Hand  immediately  on 
the  grate,  could  never  be  thoroughly  heated,  be- 
caufe  it  would  be  always  expofed  to  the  ftream  of 
eold  air  which  enters  by  the  afh-hole.  Care  fhould 
alfo  be  taken  to  heat  this  earthen  bottom  red-hot 
before  it  be  placed  in  the  furnace,  in  order  to  free 
it  from  any  humidity,  which  might  otherwife  hap- 
pen to  be  driven  againft  the  crucible  during  the 
operation,  and  occafion  its  breaking. 

We  omitted  to  take  notice  in  fpeaking  of  the 
afh-hole  that,  befides  its  door,  it  fhould  have  about 
the  middle  of  its  heighth  a fmall  hole,  capable  of 
receiving  the-nofel  of  a good  perpetual  bellows, 
which  is  to  be  introduced  into  it  and  worked,  after 
the  door  is  exadtly  fhut/when  it  is  thought  pro- 
per to  excite  the  a&ivity  of  the  fire  to  the  utmoft 
violence. 
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The  Forge  is  only  a m&fs  of  bricks  of  about  three 
feet  high,  along  whole  upper  furface  is  diredted  the 
nofe  or  pipe  of  a pair  of  large  perpetual  bellows,  fo 
placed  that  the  operator  may  eafily  blow  the  fire 
with  one  hand.  The  coals  are  laid  on  the  hearth  of 
the  forge,  near  the  nole  of  the  bellows ; they  are 
confined,  if  neceffaiy,  to  prevent  their  being  car- 
ried away  by  the  wind  of  the  bellows,  within  a 
fpace  inclofed  by  bricks  ; and  then  by  pulling  the 
bellows  the  fire  is  continually  kept  up  in  its  greatefl 
adlivity.  The  forge  is  of  ufe  when  there  is  occa- 
fion  to  apply  a great  degree  of  heat  fuddenly  to 
any  fubftance,  or  when  it  is  neceffary  that  the  ope- 
rator be  at  liberty  to  handle  frequently  the  matters 
which  he  propofes  to  fufe  or  calcine. 

The  Cupelling  furnace  is  that  in  which  gold  and 
filver  are  purified,  by  the  means  of  lead,  from  all 
alloy  of  other  metallic  fubftances.  This  furnace 
muft  give  a heat  flrong  enough  to  vitrify  lead,  and 
therewith  all  the  alloy  which  the  perfedt  metals  may 
contain.  This  furnace  is  to  be  built  in  the  follow- 
ing manner. 

Firfl,  of  thick  ifon-plates,  or  of  fome  fuch 
compolition  of  earth  as  we  recommended  for  the 
conftrudtion  of  furnaces,  muft  be  formed  a hol- 
low quadrangular  prifm,  whofe  fides  may  be 
about  a foot  "broad,  and  from  ten  to  eleven  inches 
high  5 and  extending  from  thence  upwards  may 
converge  towards  the-top,  fo  as  to  form  a pyra- 
mid truncated  at  the  heighth  of  feven  or  eight 
inches,  and  terminated  by  an  aperture  of  the  width 
of  feven  or  eight  inches  every  way.  The  lower 
part  of  the  prifm  is  terminated,  and  clofed,  by  a 
plate  of  the  fame  materials  of  which  the  furnace 
is  conftrudlred. 

Secondly,  in  the  fore- fide  or  front  of  this  prifm 
there  is  an  opening  of  three  or  four  inches  in 

heighth 
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heighth  by  five  or  fix  inches  in  breadth:  this 
opening,  which  fhould  be  very  near  the  bottom,  is 
the  door  of  the  alh-hole.  Immediately  over  this 
opening  is  placed  an  iron  grate,  the  bars  of  which 
are  quadrangular  prifms  of  half  an  inch  fquare, 
laid  parallel  to  each  other,  and  about  eight  or  nine 
inches  afunder,  and  fo  difpofed  that  two  of  their 
angles  are  laterally  oppofite,  the  two  others  look- 
ing one  direbtly  upwards  and  the  other  downwards. 
As  in  this  fituation  the  bars  of  the  grate  prefent 
to  the  fire-place  very  oblique  furfaces,  the  afhes 
and  very  final  1 coals  do  not  accumulate  between 
them,  or  hinder  the  free  entrance  of  the  air  from 
the  afh-hole.  This  grate  terminates  the  afh-hole 
at  its  upper  part,  and  ferves  for  the  bottom  of  the 
fire-place. 

Thirdly,  three  inches,  or  three  and  a half,  above 
the  grate,  there  is  in  the  fore-fide  of  the  furnace 
another  opening  terminated  by  an  arch  for  its  upper  , 
part,  which  confequently  has  the  figure  of  a femi- 
circle:  it  ought  to  be  four  inches  wide  at  bottom, 
and  three  inches  and  an  half  high  at  its  middle. 
This  opening  is  the  door  of  the  fire-place;  yet  it  is 
not  intended  for  the  fame  ufes  as  the  door  of  the 
fire-place  in  other  furnaces:  the  purpofe  for  which 
it  is  actually  defined  fhall  be  explained  when  we 
come  to  fhew  how  the  furnace  is  to  be  ufed.  An 
inch  above  the  door  of  the  fire-place,  ftill  in  the 
fore-fide  of  the  furnace,  are  two  holes  of  about  an 
inch  diameter,  and  at  the  diftance  of  three  inches 
and  a half  from  each  other,  to  which  anfwer  two 
other  holes  of  the  fame  fize,  made  in  the  hinder 
part,  directly  oppofite  to  thefe.  There  is  moreover 
a fifth  hole  of  the  fame  width  about  an  inch  above 
the  door  of  the  fire-place.  The  dengn  of  all  thefe 
holes  fh all  be  explained  when  we  deferibe  the  man- 
ner in  which  thefe  furnaces  are  to  be  ufed. 
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Fourthly*  the  fore-part  of  the  furnace  is  bound 
by  three  iron  braces,  one  of  which  is  fixed  juft  be-1 
low  the  door  of  the  afti-hole;  the  fecond  occupies 
the  whole  fpace  between  the  afb-hole  door  and  the 
door  of  the  fire-place,  and  has  two  holes  in  it, 
anfwering  to  thofe  which  we  directed  to  be  made  in 
the  furnace  itfelf  about  this  place  j and  the  third  is^ 
placed  immediately  over  the  door  of  the  fire-place,* 
Thefe  braces  muft  extend  from  one  corner  of  the 
front  of  the  furnace  to  the  other,  and  be  fattened 
thereto  with  iron  pins,  in  fuch  a manner  that  their 
fides  next  to  the  doors  may  not  lie  quite  clofe  to  the 
body  of  the  furnace,  but  form  a kind  of  grooves 
for  the  iron  plates  to  Hide  in,  that  are  defigned  to 
fhut  the  two  doors  of  the  furnace  when  it  is  necef- 
fary.  Each  of  thefe  iron  plates  fhould  have  a han- 
dle, by  which  it  may  be  Conveniently  moved  } and 
to  each  door  there  fhould  be  two  plates,  which 
meeting  each  other, -and  joining  exactly  in  the  mid- 
dle of  the  door-place*  may  fhut  it  very  clofe.  Each 
of  the  two  plates  belonging  to  the  door  of  the  fire- 
place ought  to  have  a hole  in  ks  upper  part*  one 
of  thefe  holes  fhould  be  a flit  of  about  two  lines 
wide,  and  half  an  inch'long ; the. other  may  be  a 
femi- circular  opening  of  one  inch  in  height  and  two 
in  breadth.  Thefe  holes  fhould  be  placed  fo  that 
neither  of  them  may  open  into  the  fire-place  when 
the  two  plates  are  joined  together  in  the  middle  of 

the  door,  to  fhut  clofe. 

Fifthly,  to  terminate  the  furnace  above,  there 

muft  be  a pyramid  formed  of  the  lame  materials 

with  the  furnace,  hollow,  quadrangular,  ihiee 

inches  high  on  a bafe  of  feyen  inches,  which  bafe 

muft  exadtly  fit  the  upper  opening  ot  the  furnace: 

the  top  of  this  pyramidal  cover  muft  end  in  a tube 

of  three  inches  in  diameter  and  two  in  heighth, 

which  muft  be  alrnoft  cylindrical,  and  yet  a little 

inclining  to  the  conical  form.  This  tube  ferves, 
0 • 
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as  in  the  furnaces  already  defcribed,  ro  carry  the 
conical  funnel,  which  is  fitted  to  the  upper  part 
when  a fire  of  extraordinary  activity  is  wanted. 

The  furnace  thus  conftru&ed  is  fit  to  ferve  all  the 
purpofes  for  which  it  is  defigned:  yet  before  it  can 
be  ufed  another  piece  muft  be  provided,  which, 
though  it  does  not  properly  belong  to  the  furnace, 
is  neverthelefs  neceffary  in  all  the  operations  per- 
formed by  it;  and  that  is  a piece  contrived  to  con- 
tain the  cupels,  or  other  vefTels  which  are  to  be 
expofed  to  the  fire  in  this  furnace.  It  is  called  a 
Muffle,  and  is  made  in  the  following  manner. 

On  an  oblong  fquare,  of  four  inches  in  breadth, 
and  fix  or  fieven  in  length,  a concave  femi-cylinder 
is  eredted,  in  the  form  of  a vault,  which  makes  a 
femi-circular  canal,  open  at  both  ends.  One  of 
thefe  is  aim  oft  entirely  clofed,  except  that  near  the 
bottom  two  fmall  femi-circular  holes  are  left.  In 
each  of  its  fides  likewife  two  fuch  holes  are  made, 
and  the  other  end  is  left  quite  open. 

The  Muffle  is  intended  to  bear  and  communi- 
cate the  fierceft  heat ; and  therefore  it  muft  be 
made  thin,  and  of  an  earth  that  will  refift  the  vio- 
lence of  fire,  fuch  as  that  of  which  crucibles  are 
made.  The  Muffle  being  thus  conftruffed,  and 
then  well  baked,  is  fit  for  ufe; 


When  it  is  to  be  ufed  it  muft  be  put  into  the 
furnace  by  the  upper  opening,  and  fet  upon  two 
iron  bars,  introduced  through  the  holes  made  for 

'rLatA?lTle'  below  the  door  of  the  fire-place,. 
J neMuffle  muft  be  placed  on  thefe  bars  in  the  fire- 
place in  fuch  a manner  that  its  open  end  fhall  ftand 
next  to,  and  diredlly  againft,  the  door  of  the  fire- 
place, and  may  bejoined  to  it  with  lute.  Then  the 
cupels  are  ranged  in  it,  and  thefurnace  is  tobefilled 
up,  to  the  heighth  of  two  or  three  inches  above  the 
in  e,wit  1 fmall  coals  not  bigger  than  a walnut,  to 
the  endthat  they  may  lie  clofe  round  theMuffle,and 
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procure  it  an  equal  heat  bn  every  fide.  The  chief 
ufe  of  the  Muffle  is  to  prevent  the  coals  and  allies 
from  falling  into  the  cupels,  which  would  be  very 
prejudicial  to  the  operations  carrying  on  in  them  : 
for  the  lead  would  not  vitrify  as  it  ought,  oecaufe 
the  immediate  contaft  of  the  coals  would  conti- 
nually reftore  its  phlogidon  ; or  elfe  the  glafs  of 
lead,  which  ought  to  penetrate  and  pafs  through 
the  cupels,  would  be  rendered  incapable  of  lo  do- 
incr ; becaufe  the  allies  mixing  therewith  would 
o-ive  it  fuch  a confidence  and  tenacity  as  would 
deltroy  that  property,  or  at  lead  considerably  leffen 
it  The  openings  therefore,  which  are  left  in  the 
lower  part  of  the  Muffle,  diould  not  be  fo  high  as 
to  admit  coals,  or  adies  to  get  into  the  cupels  j the 
-ufe  of  them  is  to  procure  an  eafier  pafiage  for  the 
heat  and  the  air  to  thofe  vedels.  The  Muffle  is  le.t 
quite  open  in  its  fore-part,  -that  the  operator  may 
be  at  liberty  to  examine  what  pades  in  the  cupels, 
to  dir  their  contents,  to  remove  them  from  one 
place  to  another,  to  convey  new  matters  into  them, 
and  alfo  to  promote  the  free  accefs  of  the  air, 
which  mud  concur  with  the  fire  towards  the  eva- 
poration necefifary  to  the  vitrification  of  lead ; which 
air,  if  frelli  were  not  often  enough  admitted, would 
be  incapable  of  producing  that  efreft  ; becaufe  it 
would  loon  be  loaded  with  fuch  a quantity  of  va- 
pours that  it  could  not  take  up  any  more. 

The  government  of  the  fire  in  this  furnace  is 
foundecf  on  the  general  principles  above  laid  down 
for  all  furnaces.  Yet  as  there  are  fome  little  dif- 
ferences, and  as  it  is  very  effential  to  the  Accefs  of 
the  operations  for  which  this  furnace  is  intend  » 
that  the  artid  diould  be  abfolutely  matter  of  his 
degree  of  heat,  we  fliall  in  a few  words  fhew  how 

that  may  be  raifed  or  lowered.  ; . . , 

When  the  furnace  is  filled  with  coals  and  ki-ndl  > 
if  the  door  of  the  adi-hole  be  fet  wide  open. 
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that  of  the  fire-place  flint  very  clofe,  the  force  of 
1 the  fire  is  increafed  ; and  if  moreover  the  pyrami- 
i dal  cover  be  put  on  the  top,  and  the  conical  funnel 
added  to  it,  the  fire  will  vbecome  (till  more  fierce. 

Seeing  the  matters  contained  in  this  furnace  are 
encompaffed  with  fire  on  all  fides,  except  in  the 
fore-part  oppofite  to  the  door  of  the  fire-place,  and 
as  there  are  occafions  which  require  that  the  force 
of  the  fire  fliould  be  applied,  to  this  part  alfo,  an 
iron  box,  of  the  fliape  and  fize  of  the  door,  hath 
been  contrived  to  anfwer  that  purpofe.  This  box 
is  filled  with  lighted  coals,  and  applied  immediately 
to  the  door-place,  by  which  means  the  heat  there 
is  confiderably  augmented.  This  help  may  be 
made  ufe  of  at  the  beginning  of  the  operation,  in 
order  to  accelerate  it,  and  bring  the  heat  fooner  to 
thedefired  degree;  or  in  cafe  a very  fierce  heat  be 
required  ; or  at  a time  when  the  air  being  hot  and 
moift  will  not  make  the  fire  burn  with  the  neceffary 
vigour. 

The  heat  may  be  leffened  by  removing  the  iron 
box,  and  (hutting  the  door  of  the  fire-place  quite 
clofe.  It  may  be  dill  further  and  gradually  dimi- 
niflied,  by  taking  off  the  conical  funnel  from  the 
.op  , by  (hutting  the  door  of  the  fire-place  with  one 
of  its  plates  only,  that  which  has  the  lead,  or  that 
which  has  the  greated  aperture  in  it;  by  taking  off 
the  pyramidal  cover;  by  (hutting  the  a(h-hole  door 
wholly  or  in  part;  and  ladly,  by  letting  the  door  .of 
the  fire-place  wide  open:  but,  in  this^lad  cafe,  the 
cold  air  penetrates  into  the  cavity  of  the  Muffle,  and 
refrigerates  the  cupels  more  than  is  almod  ever  ne- 
cetlar/.  if  it  be  obferved,  during  the  operation, 
that  the  Muffle  grows  cold  in  any  particular  part, 
it  is  a fign  there  is  a vacuity  left  by  the  coals  in 
that  p ace:  in  this  cafe  an  iron  wire  mud  be  thrud 
into  the  furnace,  through  the  hole  which  is  over 
the  door  of  the  fire-place,  and  the  coals  dirred 
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therewith,  fo  as  to  make  them  fall  into  their  places 
and  fill  tip  the  vacant  interftices. 

It  is'proper  to  obfervethat,befides  what  has  been 
faid  concerning  the  ways  of  increafing  the  activity 
of  the  fire  in  the  cupelling  furnace,  ieveral  oilier 
caufes  alfo  may  concur  to  procure  to  the  matters 
contained  in  the  Muffle  a greater  degree  of  heat : 
for  example,  the  (mailer  the  Muffle  is,  the  wider 
and  more  numerous  the  holes  in  it  are;  the  nearer 
to  its  bottom,  or  further  end,  the  cupels  are  placed U 
the  more  will  the  matters  therein  contained  be  at- 

fe&e d with  heat.  , . , 

Befides  the  operations  to  be  performed  by  tne 
cupel,  this  furnace  is  very  ufeful  and  even  neceflary, 
for  many  chymical  experiments;  fuch,for  lnltance, 
as  thofe"  relating  to  fun  dry  vitrifications and  enamel- 
ling.  As  it  is  pretty  low,  the  bell  way  is  to  place  it, 
wh?n  it  is  to  be  tiled,  on  a bale  of  brick-work  tha- 
may  raife  k to  a level  with  the  operator  s hand. 

A Lamp-furnace  is  exceeding  ufeful  for  all  ope- 
rations that  require  only  a moderate,  but  long  con- 
tinued, degree  of  heat.  Tire  furnace  for  working 
with  a lamp-heat  is  very  Ample:  it  confifts  only  of 
a hollow  cylinder,  from  fifteen  to  eighteen  inches 
hir>h,  and  five  or  fix  in  diameter,  having  at  its  bot- 
tom an  aperture  large  enough  for  a .lamp  to  be  in- 
troduced and  withdrawn  with  eafe.  The  lamp 
muff  have  three  or  four  wicks,  to  the  end  that  by 
lishtW  more  or  fewer  of  them  a greater  or  lels  de- 
gree of heat  may  be  produced  Tp  body  of  the 

furnace  muft  moreover  have  Ieveral  fmall  holes  m 
•t,  in  order  to  fopply  the  flame  of  the  lamp  w.th 

air  enough  to  keep  it  alive.  r c 

On  the  top  of  this  furnace  Hands  a bafon  five 

or  fix  inches  deep,  which  ought  to  fill  thc  c*vl£ 
of  the  cylinder  exaftly,  and  to  be  fupported  at  l i 
circumference  by  a rim  which  may  entirely  cov 
and  clofe  the  furnace  : the  u k of  this  bafon^iy 
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contain  the  land  through  which  the  lamp  heat  is 
ufually  conveyed. 

Befides  this  there  mud  be  akindof  cover ordome 
; made  of  the  fame  material  with  the  furnace,  and  of 
the  fame  diameter  with  the  fand-bath,  without  any 
; other  opening  than  a hole,  nearly  circular,  cut  in 
its  lower  extremity.  This  dome  is  a fort  of  rever- 
beratory, which  ferves  to  confine  the  heat  and  di- 
rect it  towards  the  body  of  the  retort;  for  it  is  ufed 
only  when  fomething  is  to  be  diftilled  in  a vefifel  of 
i this  fafhion  ; and  then  the  hole  at  its  bottom  ferves 
for  a paflage  to  the  neck  of  the  retort.  This  dome 
fiaouid  have  an  ear  or  handle,  for  the  conveniency 
of  putting  it  on  and  taking  it  off  with  eafe. 

Of  Lutes. 

Chymical  veffels,efpecially  fuch  as  are  made  of 
glafs,  and  the  earthen  veffels  commonly  called 
(tone-ware,  are  very  fubjeft  to  break  when  expofed 
:to  fudden  heat  or  cold;  whence  it  comes  that  they 
often  crack  when  they  begin  to  heat,  and  alfo  when 
being  very  hot  they  happen  to  be  cooled,  either  by 
frefh  coals  thrown  into  the  furnace,or  by  the  accefs 
of  cold  air.  There  is  no  way  to  prevent  the  former 
of  thefe  accidents,  but  by  taking  the  pains  to  warm 
your  veffel  very  fiowly,and  by  almofi  infenfiblede- 
-grees.  d he  fecond  may  be  avoided  by  coatino-the 
body  of  the  veffels  with  a pafie  or  lute,  which’ be- 
ing dried  will  defend  it  againft  the  attacks  of  cold. 

. 1 coating  veffels  is  a compofi- 

tion  of  fat  earth, Windfor-loam, fine  fand, filings  of 
iron,  or  powdered  glafs,  and  chopped  cow’s  hair 
mixed  and  made  into  a pafie  with  water.  This  lute 
ferves  alfo  to  defend  glafs  veffels  againft  the  vio- 
lence of  the  fire,  and  to  prevent  their  melting  eafily 

In  almofi  all  diftillations  it  is  of  oTeac°confe- 
quence,  as  hath  been  faid,  that  the  neck  of  the  dif- 
■ tiding  veflel  be  exadtlyjoined  with  that  of  the  re- 
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ceiver  into  which  it  is  introduced,  in  order  to  pre- 
vent  the  vapours  from  efcaping  into  the  air  and 
fo  being  loft : and  this  junction  is  effected  by  | 

means  of  a luce.  , r 

A few  dips  of  paper  applied  round  the  neck  of  1 

the  veffels  with  common  fize  will  be  fufhcienc  o 1 

keep  in  fuch  vapours  as  are  aqueous,  or  not  very 

fPkhheS'vapours  are  more  acrid,  or  more  fpiri- 
tuous,  recourfe  may  be  had  10  flips  of  blaader 
loner  fteep.ed  in  water,  which  containing  a .or  of 
natural  glue  clofe  the  junftures  of  the  veffels  very 

"tit  be  required  to  confine  vapours  of  aftiU  more 
penetrating  nature,  it  will  be  proper  toemploy  a lute 
’ that  Quickly  mows  very  hard  s particularly  a pafte 
:tdeqwitt  quick-lime  ahd  any  fort  of  jelly  whether 
vegetable  or  animal ; fuch  as  the  white  of  an , 
ft;|  fize,  (Sc.  This  is  an  excellent  lute  and  not 

eafily  penetrated.  It  is  alfo  ufd 1 to  flop . any  cracks 
or  fra&ures  that  happen  to  glafs  veffels.  B 
not  capable  of  refitting  the  vapours  of mineral 1 act 
foirits  efpecially  when  they  are ftrong and  fmoking. 
fo  that  P^pofe  it  is  neceffary  to  incorporate  the 
other  in  medknts  thoroughly  with  fat  earth  Tokened 
with  water' ; and  even  then  it  frequently  happens 
i rti.;s  iure  is  penetrated  by  acid  vapouis,  eip 
cially  thole  of  the  fpirit  of  falt.which  of  all  others 
are  confined  with  the  greateft  difficulty. 

In  fuch  cafes  its  place  may  be  fupphed  with  ano 
ther  which  is  called  Fat  Lute,  becaufe  it  .satin 
ally  Votkied  up  with  fat  liquors.  This  lute r is i com 
Dofed  of  a very  fine  cretaceous  earth,  called  to 
hacco-pipe  clay,  moiftened  with  equal  parts  of  t 
dryincr  ofl  of  lint-feed,  and  a varmffi  made  of  arr 
ber  and  cum  copal.  It  mutt  have  the  conf.ftenc 
of  a ftiff  pafte.  When  the  joints  of  the  veffels 
clpfed  up  with  this  lute,  they  may,  for  greater^ 
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curity3  be  covered  over  with  dips  of  linen  fmeared 
with  the  lute  made  of  quick-lime  and  the  white 
of  an  egg. 

Chymical  veffels  are  liable  to  be  broken  in  an 
operation  by  other  caufes  befides  the  fudden  appli- 
cation of  heat  or  cold.  It  frequently  happens  that 
the  vapours  of  the  matters  expofed  to  the  adtion  of 
fire  rufli  out  with  fuch  impetuofity,  and  are  fo 
elaflic,  that  finding  no  palfage  through  the  lute 
with  which  the  joints  of  the  veffel  are  clofed,  they 
burft  the  veffels  themfelves,  fometimes  with  ex- 
plosion and  danger  to  the  operator. 

To  prevent  this  inconvenience,  it  is  neceffary 
that  in  every  receiver  there  be  a fmall  hole,  which 
being  flopped  only  with  a little  lute  may  eafily  be 
opened  and  fhut  again  as  occafion  requires.  It 
ferves  for  a vent-hole  to  let  out  the  vapours,  when 
the  receiver  begins  to  be  too  much  crowded  with 
them.  Nothing  but  practice  can  teach  the  artiff 
when  it  is  requifite  to  open  this  vent.  If  he  hits 
the  proper  time,  the  vapours  commonly  rufh  out 
with  rapidity,  and  a confiderable  hilling  noife; 
and  the  vent  fhould  be  flopped  again  as  foon  as  the 
hiding  begins  to  grow  faint.  The  lute  employed 
to  flop  this  fmall  hole  ought  always  to  be  kept  fo 
dudlile,  that  by  taking  the  figure  of  the  hole  ex- 
actly it  may  entirely  flop  it.  Befides,  if  itfhoiild 
harden  upon  the  glafs,  it  would  flick  fo  faff  that 
it  would  be  very  difficult  to  remove  it  without 
breaking  the  veffel.  This  danger  is  eafily  avoided 
by  making  ufe‘  of  the  fat  lute,  which  continues 
pliant  for  a long  time,  when  it  is  not  expofed  to 
an  exccffive  heat. 

This  way  .of  flopping  the  vent-hole  of  the  re- 
ceiver has  yet  another  advantage : for  if  the  hole 
be  of  a proper  width,  as  a line  an,d  half,  or  two 
lines,  in  diameter,  then  when  the  vapours  are  ac- 
cumulated in  too  great  a quantity,  and  begin  to 
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make  a great  effort  again!}  the  Tides  of  the  receiver, 
they  puih  up  the  ftopple,  force  it  out,  and  make 
their  way  through  the  vent-hole:  fo  that  by  this 
means  the  breaking  of  the  veffels  may  always  be 
certainly  prevented.  Blit  great  care  muftbe  taken 
that  the  vapours  be  not  buffered  to  efcape  in  this 
manner,  except  when  abfolute  neceffity  requires  it; 
for  it  is  generally  the  very  flrongefl  and  moft  fubtile 
part  of  a liquor  which  is  thus  diffipated  and  loft. 

Pleat  being  the  chief  caufethat  puts  the  elaflicity 
of  the  vapours  in  adtion,  and  prevents  their  con- 
denfing  into  a liquor,  it  is  of  great  confequence  in 
diftillation  that  the  receiver  be  kept  as  cool  as 
po!fible.  With  this  view  a thick  plank  fhould  be 
placed  between  the  receiver  and  the  body  of  the 
furnace,  to  intercept  the  heat  of  the  latter,  and 
prevent  its  reaching  the  former.  As  the  vapours 
themfelves  rife  very  hot  from  the  diflilling  veffel, 
they  foon  communicate  their  heat  to  the  receiver, 
and  efpecially  to  its  upper  part,  againft  which  they 
ftrike  firft.  For  this  re'afon  it  is  proper  that  linen 
oloths  dipt  in  very  cold  water  be  laid  over  the  re- 
ceiver, and  frequently  fhifted.  By  this  means  the 
vapours  will  be  confiderably  cooled,  their  elaflicity 
weakened,  and  their  condenfation  promoted. 

By  what  hath  been  faid  in  this  firft  part,  con- 
cerning the  properties  of  the  principal  agents  in 
thymiftry,  the  conftrudtion  of  the  mod  neceffary 
veffels  and  furnaces,  and  the  manner  of  ufmg  them, 
v/e  are  fufhciently  prepared  for  proceeding  diredlly 
to  the  operations,  without  being  obliged  to  make 
frequent  and  long  flops,  in  order  to  give  the  ne- 
ceffary explanations  on  thofe  heads. 

Neverthelefs  we  fhall  take  every  proper  occafion 
to  extend  the  theory  here  laid  down,  and  to  im- 
prove it  by.  the  addition  of  feveral  particulars, 
which  will  find  their  places  in  our  Treadle  of 
£hymical  Operations. 
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INTRODUCTION. 

S the  Elements  of  the  Theory  of  Chymiftry, 
delivered  in  the  former  part  of  this  work* 
_ were  intended  for  the  ufe  of  perfons  fup- 
pofed  to  be  altogether  unacquainted  with  the  art, 
they  could  not  properly  admit  of  any  thing  more 
than  fundamental  principles,  fo  difpofed  as  con- 
ftantlv  to  lead  from  the  fimple  to  the  compound, 
from  things  known  to  things  unknown:  for  which 
reafon  I could  not  therein  obferve  the  ufual  order 
or.Chymical  Decompofition,  wnich  is  not  fufcepti- 
ble  of  fuch  a method.  I therefore  fuppofed  all  the 
analyles  made,  and  bodies  reduced  to  their  fim- 
pleft  principles ; to  the  end  that,  by  obferving  the 
chief  properties  of  thofe  primary  elements,  we 
might  be  enabled  to  trace  them  through  their  fe- 
veral  combinations,  and  to  form  fome  fort  of 
juugment  a priori  of  the  qualities  of  fuch  com- 
pounds as  may  refult  from  their  junctions. 

But  this  tatrer  part  is  of  a different  nature.  It  is 
a Pradiical  -I  reatiie,  intended  to  contain  the  man- 
ner of  performing  the  principal  Operations  of  Chy- 
miftry ; the  operations  which  ierve  as  ftandards  for 
regulating  ail  tlie  re  It,  and  which  confirm  the  fun- 
damental truths  hid  down  in  the  Theory. 

' As 
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As  thefe  operations  confifl:  almoft  wholly  of  ana- 
lyfes  and  decompofitions,  there  can  be  no  doubt 
concerning  the  order  proper  to  be  obferved  in 
giving  an  account  of  them:  it  evidently  coincides 
with  that  of  the  analyfis  itfelf. 

But  as  all  bodies,  which  are  the  fubjedls  of  Chy- 
mical  operations,  are  divided  by  nature  into  three 
dalles  or  kingdoms,  the  mineral,  the  vegetable, 
and  the  animal,  the  analyfis  thereof  may  naturally 
be  divided  into  three  branches  : fome  difference 
may  alfo  arife  from  the  different  order  in  which 
thefe  three  may  be  treated  of. 

As  the  reafons  afiigned  for  beginning  with  ons 
kingdom  rather  than  with  another  have  never  been 
thoroughly  canvaffed,  and  may  perhaps  feem 
equally  good  when  viewed  in  a particular  light, 
Chymical  writers  differ  in  their  opinions  on  this 
point.  For  my  part,  without  entering  into  a difcuf- 
fion  of  the  motives  which  have  determined  others 
to  follow  a different  order,  I fhall  only  produce 
the  reafons  that  led  me  to  begin  with  the  mineral 
kingdom,  to  examine  the  vegetable  in  the  fecond 
place,  and  to  conclude  with  the  animal. 

Firft  then,  feeing  vegetables  draw  their  nourifh- 
ment  from  minerals,  and  animals  derive  theirs  from 
vegetables,  the  bodies  which  conftitute  thefe  three 
kingdoms  feem  to  be  generated  the  one  by  the  other, 
in  amanjner  that  determines  their  natural  rank. 

Secondly,  this  difpofition  procures  usthe  ad- 
vantage of  tracing  the  principles,  from  their  fource 
in  the  mineral  kingdom,  down  to  the  laft  combi- 
nations into  which  they  are  capable  of  entering, 
that  is,  into  animal  matters  ; and  of  obferving  the 
fucceffive  alterations  they  undergo  in  paffing  out 
of  one  kingdom  into  another. 

Thirdly  and  lallly,  I look  upon  the  analyfis  of 
minerals  to  be  the  eafieft  of  all ; not  only  becauie 
they  confifl  of  fewer  principles  than  vegetables  and 

animals,  but  alfo  becauie  almoft  all  of  them  are  capa- 
ble 
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Me  of  enduring  the  moft  violent  adtion  of  fire, 
when  that  is  neceflary  to  their  decompofition, 
without  any  confiderable  change  or  diminution  of 
their  principles,  to  which  thofe  of  other  fubftances 
are  frequently  liable. 

Befides,  I am  not  Angular  in  this  diftribution  of 
the  three  clafles  of  bodies, which  are  the  fubjedts  of 
the  chymical  analyfis : as  it  is  the  moft  natural,  it 
has  been  adopted  by  feveral  authors,  or  rather  by 
moft  who  have  publifhed  Treatifes  of  Chymiftry. 
But  there  is  fomething  peculiarly  my  own  in  the 
manner  wherein  I have  treated  the  analyfis  of  each 
kingdom.  In  the  mineral  kingdom,  for  inftance, 
will  be  found  a confiderable  number  of  operations 
not  to  be  met  with  in  other  Treatifes  of  Chymiftry 3 
the  authors  having  probably  considered  them  as 
ufelefs,  or  in  fome  meafure  foreign,  to  the  purpofe 
of  Elementary  Books,  and  as  constituting  together 
a diftindt  art.  I mean  the  procefles  for  extracting 
faline  and  metallic  fubftances  from  the  minerals 
containing  them. 

Yet,  if  it  be  confidered  that  falts,  metals,  and 
femi-metals  are  far  from  being  produced  by  nature 
in  a ftate  of  perfedlion,  or  in  that  degree  of  purity, 
which  they  aie  commonly  fuppofed  to  have  when 
they  are  firft  treated  of  in  Books  of  Chymiftry;  but 
that, on  the  contrary,  t'nefe  fubftances  are  originally 
blended  with  each  other,  and  adulterated  with  mix- 
tures of  heterogeneous  matters,  wherewith  they 
form  compound  minerals ; I imagine  it  will  be  al- 
lowed that  the  operations  by  which  thefe  minerals 
are  decompofed,  in  order  to  extradt  the  metals,  fe- 
mi-metals,* and  other  fimpler  lubftances,  efpecially 
as  they  are  foundedon  the  moft  curious  properties  of 
thefe  fubftances,  are  fo  far  from  being  ufelefs  or  fo- 
reign to  the  purpofesof  an  Elementary  Treatife,  that 
theyare,on  the  contrary  ,abfolutcly  neceflary  thereto. 

After  I had  made  thefe  reflections,  I could  not 
e p thinking  that  an  analyfis  of  minerals,  which 

fhould 
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fhould  treat  of  faline  and  metallic  fubftances,  with- 
out taking  any  notice  of  the  manner  in  which  their 
matrices  muft  be  analyfed,  in  order  to  extra#  them, 
would  be  nolefs  defe#ive,than  a treatife  of  the  ana- 
lyfisof  vegetables,  in  which  Oils, eftential  Salts,  fixed 
and  volatile  Alkalis,  fhould  be  amply  treated  of, 
without  faying  one  word  of  the  manner  of  analyfing 
the  plants  from  which  thefe  feveral  fubftances  are 
obtained.  I therefore  thought  myfelf  indifpenfably 
obliged  to  defcribe  the  manner  of  decompofing 
every  ore  or  mineral,  before  I attempted  to  treat 
of  the  faline  or  metallic  fubftance  which  it  yields. 

For  example  : as  the  Vitriolic  Acid,  with  the 
confideration  of  which  I begin  my  Mineral  Ana- 
lyfis,  is  originally  contained  in  Vitriol,  Sulphur, 
and  Alum ; and  as  thefe  fubftances  again  derive 
their  origin  from  the  fulphureous  and  ferruginous 
Pyrites,  the  firft  operations  I defcribe  under  this 
head  are  the  proceftes  for  decompofing  the  Pyrites 
in  order  to  extra#  its  Vitriol,  Sulphur,  and  Alum. 

I then  proceed  to  the  particular  analyfis  of  each 
of  thefe  fubftances,  with  a view  to  extra#  their 
Vitriolic  Acid  ; and  afterwards  deliver,  in  their 
order,  the  other  operations  ufually  performed  on 
this  Acid.  Thus  it  appears  that  this  faline  fub- 
ftance occafions  my  defcribing  the  analyfes  of  the 
Pyrites/Vitriol,  Sulphur,  and  Alum.  The  whole  of 
theTreatifeon  Minerals  proceeds  on  the  fame  plan. 

The  operations  by  which  we  decompofe  ores  and 
minerals  are  of  two  forts:  thofe  employed  in  work- 
ing by  the  great,  and  thofe  for  trying  in  fmall  the 
yield  of  any  ore.  Thefe  two  manners  of  operating 
are  fometimes  a little  different;  yet  in  the  mam 
they  are  the  fame,  becaufe  they  are  founded  on  the 
fame  principles,  and  produce  the  fame  effects.. 

As  my  chief  defignwas  to  defcribe  the  operations 
that  may  be  conveniently  performed  in  a labora- 
tory, I have  preferred  the  proceftes  for  fmall  effays; 

efpecially  as  they  are  ufually  performed  with  more 

' care 
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care  and  accuracy  than  the  operations  in  great 
works  : and  here  I muft  acknowledge  that  I am 
obliged  to  M.  Cramer’s  Docimafia , or  Art  of  A flay- 
ing, for  a-H  the  operations  of  this  kind  in  my  ana- 
lyns  of  minerals.  As  M.  Hellot’s  work  on  thatfub- 
je£fc  did  not  appear  till  after  I had  finifhed  this, 
M.  Cramer’s  Docimafia , in  which  found  Theory  is 
joined  with  accurate  prabtice,  was  the  belt  book  of 
the  kind  I could  at  that  time  confult.  I therefore 
preferred  it  to  all  others ; and  as  I have  not  quoted 
it  in  my  analyfis  of  minerals,  becaufe  the  quota- 
tions would  have  been  too  frequent,  let  what  I fay 
here  ferve  for  a general  quotation.  I have  been 
careful  to  name,  as  often  as  occaflon  required,  the  . 
other  authors  whofe  procelTes  I have  borrowed  : it 
is  a tribute  juftly  due  to  thofe  who  have  commu- 
nicated their  difcoveries  to  the  publick. 

Though  I have  told  the  reader  that  in  my  ana- 
lyfis of  minerals  he  will  find  the  procelTes  for  ex- 
tracting out  of  each  thefaline  or  metallic  fubftances 
contained  in  it,  yet  he  muft  not  expert  that  this 
book  will  inftrubt  him  in  all  that  it  is  neceftary  he 
lhould  know  to  be  able  to  determine,  by  an  accu- 
rate aftay,  the  contents  of  every  mineral.  My  in- 
tention was  not  to  compofe  a Treatife  of  Aflay- 
ing ; and  I have  taken  in  no  more  than  was  abfo- 
lutely  neceftary  to  make  the  analyfis  of  minerals 
perfeaiy  underftood,  and  to  render  it  as  complete 
as  it  ought  to  be  in  an  Elementary  Treatife  I 
have  therefore  defcribed  only  the  principal  opera- 
tions relating  thereto ; the  operations  which  are 
fundamental,  and  which,  as  1 faid  before,  are  to 
ferve  as  ftandgrds  for  the  reft,  abftrabbed  from  fuch 
additional  circumftances  as  are  of  confluence 
only  to  the  Art  of  A flaying,  properly  fo  called.. 

buch  therefore  as  are  defirous  of  being  fully;  in- 
rubbed  in  that  Art,  muft  have  recourfe  to  thofe 
works  which  treat  profefledly  of  the  fubjebt,  and 

parti- 
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particularly  to  that  publifhed  by  M.  Hellot : a per- 
formance moft  efteemed  by  fuch  as  are  beft  fkilled 
in  Chymiftry,  and  rendered  fo  complete  by  the  nu- 
merous and  valuable  obfervations  and  difcoveries 
of  the  Author,  that  nothing  better  of  the  kind  can 
be  wilbed  for.  I thought  it  proper  to  give  thefe 
notices  in  relation  to  my  analyfis  of  minerals ; and 
fhall  now  proceed  to  fhew  the  plan  of  my  analyfes 
of  vegetables  and  of  animals. 

Seeing  all  vegetable  matters  are  fufceptible  of 
fermentation,  and  when  analyfed  after  fermenta- 
tion, yield  principles  different  from  thofe  we  ob- 
tain from  them  before  they  are  fermented,  I have 
divided  them  into  two  claffes ; the  former  includ- 
ing vegetables  in  their  natural  ftate,  before  they 
ha^e  undergone  fermentation;  and  the  latter  thofe 
only  which  have  been  fermented.  This  analyfis 
opens  with  the  procefles  by  which  we  extract  from 
vegetables  all  the  principles  they  will  yield  with- 
out the  help  of  fire  ; and  then  follow  the  opera- 
tions for  decompofing  plants  by  degrees  or  heat, 
i?om  the  gentleft  to  the  moft  violent,  both  in 

clofe  veflels  and  in  the  open  air. 

1 have  not  made  the  fame  diviflon  in  the  ammal 

kingdom,  becaufe  the  fubftances  that  compofe  it 
are  fufceptible  only  of  the  laft  degree  of  fermenta- 
tion, or  putrefaction  ; and  moreover  the  principles 
they  yield,  whether  putrefied  or  unputrefied,  are 
the  very  fame,  and  differ-  only  with  regard  to  their 
proportions,  and  the  order  in  which  they  are  extri- 
cated during  the  analyfis.  . 

I beo-in  this  analyfis  with  an  examination- ot 
the  milk  of  animals  that  feed  wholly  on  vegeta- 
bles; becaufe  though  this  fubftance  be  elaborated 
in  the  body  of  the  animal,  and  by  that  means 
brought  nearer  to  the  nature  of  animal  matters,  yet 
it  (till  retains  a great  ffmilitude  to  the  vegetables 

from  which  it  derives  its  origin,  and  is  a lort  oi 

inter- 
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intermediate  fubftance  between  the  vegetable  add 
animal.  Then  I proceed  to  the  analyfis  of  animal 
matters  properly  fo  called,  thofe  which  actually 
make  a part  of  the  animal  body.  I next  examine 
the  excrementitious  fubftances,  that  are  thrown 
out  of  the  animal  body  as  fuperfhious  and  ufelefs. 
And  then  I conclude  this  latter  part  with  opera- 
tions on  the  Volatile  Alkali ; a faline  fubftance  of 
principal  confideration  in  the  decompofition  of* 
animal  matters* 

Though,  in  the  general  view  here  given  of  the 
order  obferved  in  this  Treatife  of  Practical  Chy- 
miftry,  I have  mentioned  only  fuch  proceffes  as 
ferve  for  analyfing  bodies,  yet  I have  alfo  inferted 
fome  other  operations  of  different  kinds.  The 
book  would  be  very  defective  if  it  contained  no 
more  : for  the  defign  of  Chymiftry  is  not  only  to 
analyle  the  mixts  produced  by  natute,  in  order  to 
obtain  the  fimpleft  fubftances  of  which  they  are 
compofed,  but  moreover  to  difcover  by  fundrv 
experiments  the  properties  of  thofe  elementary 
principles,  and  to  recombine  them  in  various 
manners,  eitner  with  each  other,  or  with  different 
bodies,  fo  as  to  reproduce  the  original  mixts  with 
ail  their  properties,  or  even  form  neve  compounds 
which  never  exifted  in  nature.  In  this  book  there- 
rore  the  reader  will  find  proceffes  for  combining 
and  recompounding,  as  well  as  for  refolvino-  and 
decompofing  bodies.  I have  placed  them  next  to 
the  proceffes  for  decompofition,  taking  all  poffi-. 
ble  care  not  to  interrupt  their  order,  or  break  the 
1 connection  between  them. 
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PART  I. 

OF  MINERALS. 


SECTION  I. 

Operations  performed  on  Saline  Mineral  Subflmces. 


CHAP.  I- 

Of  the  Vitriolic  Acid. 


PROCESS  I. 


<Fo  extract  Vitriol  from  the  Pyrites . 

i 


TAKE  any  quantity  you  pleafe  of  Iron-Py- 
rites; leave  them  for  fome  time  expofed  to 
the  air ; they  will  crack,  fplit,  lofe : their 
brightnefs,  and  fall  intopowder.  Put  this  powder  in- 
to aglafs  cucurbit,  and  pour  upon  it  twice  its weight 
of  hot  water ; ftir  the  whole  with  a ftick,  and  t 
liauor  will  grow  turbid.  Pour  it,  while  it  is  y 
warm,  into  a glafs  funnel  lined  with  brown  filtering 
paper;  and  having  placed  your Tunnel  oyer  another 
glafs  cucurbit,  let  the  liquor  drain  into  it.  Po 
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more  hot  wateron  the  powdered  Pyrites,  filter -as 
before,  and  fo  go  on,  every  time  leffening  the 
quantity  of  water,  till  that  which  comes  off  the  Py- 
rites appears  to  have  no  aftringent  vitriolic  tafce. 

Put  all  thefe  waters  together  into  a glafs  veffel 
that  widens  upwards  ;*  fet  it  on  a land-bath,  and 
heat  the  liquor  till  a confiderable  fmoke  arifes;  but 
take  care  not  to  make  it  boil.  Continue  the  fame 
degree  of  fire  till  the  furface  of  the  liquor  begins 
to  look  dim,  as  if  fome  duff  had  fallen  into  it; 
then  ceafe  evaporating,  and  remove  the  veffel  into 
a cool  place:  in  the  fpa.ce  of  four-and-twenty  hours 
will  be  formed  therein  a quantity  of  crystals,  of  a 
green  colour  and  a rhomboidal  figure  : thefe  are 
Vitriol  of  Mars,  or  Copperas.  Decant  the  remain- 
ing liquor  ; add  thereto  twice  its  weight  of  water; 
niter,  evaporate,  and  cryftallize  as  before;  repeat 
thefe  operations  till  the  liquor  will  yield  no  more 
cryftals,  and  keep  by  themfelves  the  cryftals  ob- 
tained at  each  cryftallization. 


OBSERVATIONS. 

The  Pyrites  are  minerals  which,  by  their  weight 
and  ihining  colours,  frequently  impofe  on  fucfas 
are  not  well  acquainted  with  ores.  Atfirfl  fight 
they  may  be  taken  for  very  rich  ones;  and  yet  they 
con fifl:  only  of  a fmall  quantity  of  metal  combined 

with  much.fulphur  or  arfenic,  and  fometimes  with 
both. 

They  ftrike  fire  with  afleel  as  flints  do,  and, emit 
a fulphureous  lmell : fo  that  they  may  be  known  by 
tnk  extemporaneous  proof.  The  metal  moil  com- 
monly and  moft  abundantly  found  in  the  Pyrites  is 
iron;  the  quantity  whereof  fometimes  equals,  or 
even  exceeds,  that  of  the  fulphur.  Befides  metal- 
iic  and  fulphureous  matters,  the  Pyrites  contain 
alio  iorne  unmetallic  earth. 


I here  are  feveral  forts  of  Pyrites:  fome  of  them 
contain  only  iron  and  arfenic.  They  have  not  all 
the  property  of  efflorefcing  fpontaneoufly  in  the  air, 
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and  turning  into  vitriol : none  do  fo  but  fuch  as 
confift  only  of  iron  and  fulphur,  or  at  leaft  contain 
but  a very  fmall  portion  of  coppei , or  o ar  enic . 
and  even  amongft  thofe  that  are  compoje  o iron 
and  fulphur  alone,  there  are  Come  that  will  continue 
for  years  together  expofed  to  the  air  without 
{hooting,  and  indeed  without  buffering  the  leak 

fenfible  alteration.  . , T 

The  effforefcence  of  the  Iron-Pyrites,  and  t ie 

changes  they  undergo,  are  phenomena  well  worm 
our  notice.  They  depend  on  toe  Angular  pro- 
perty which  iron  poffelTes  of  decompofing  lulphui 
by  the  helo  of  moifture.  If  very  fine  non-.. lings 

be  accurately  mingled  with  flowers  of  fulphur,  this 

mixture,  being  moiftened  with  water,  grows  '■  el ) 
hot, fwells  up, emits  fulphureous  vapours, and  even 
takes  fire:  what  remains  is  found  converted  into 
Vitriol  of  Mars.  On  this  occafion,  therefore,  the 
fulphur  is  decompofed its  inflammable  part  is  dii- 
lioated  or  confirmed  ; its  acid  combines  with  the 
iron,  and  a Vitriol  arifes  from  that  conjunction. 

This  is  the  very  cafe  with  the  Pyrites  that  conn... 
onlv  of  iron  and  fulphur ; yet  fome  of  tnem,  a 
we  faid  before,  do  not  efflorefee  fpontaneoufiy  and 
turn  to  Vitriol.  The  reafon  probably  is  that  in 
fuch  minerals,  the  particles  of  iron  and  Mphur 
are  not  intimately  mixed  together,  but  icparatc 

bUn°oMeT»hprocum  ' Vitriol  from  Pyrites  of  this 
kind  they  mull  be  for  fome  time  expofed  to  the 
aftion  of  fire,  which  by  copfuming  part  of  their 
fulphur,  and  rendering  their  texture  lels  compaft, 
makes  way  for  the  air  and  moifture,  to  which  they 
mult  be  afterwards  expofed,  to  penetrate  men.  u - 
fiance  and  produce  in  them  the  chan0 
which  thofe  others  are  affeited  that  germinate 

fp  "p" yme's  which  contain  copper  and  arfenic 
and  for  that  reafon  do  not  efflore.ee,  mufthk-de 
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undergo  the  aftion  of  fire;  which  befides  the  ef- 
fects it  produces  on  Pyrites  that  confift  of  iron  and 
fulphur  only,  diffipates  alfo  the  greateft  part  of  the 
arienic.  Tiiefe  Pyrites  being  firft  roafted,  and  then 
( expo  fed  to  the  air  for  a year  or  two,  do  alfo  yield 
Vitriol ; but  then  it  is  not  a pure  Vitriol  of  Iron, 
but  is  combined  with  a portion  of  blue  Vitriol,  the 
balls  of  which  is  Copper. 

Sometimes  alfo  there  is  Alum  in  the  vitriolic 
waters  drawn  off  the  Pyrites.  It  was  on  account  of 
•this  mixture  of  different  falts  that  we  recommended 
:the  keeping  apart  the  cryftals  obtained  from  each 
different  cryftallization  : for  by  this  means  they 
may  be  examined  feparately,  and  the  fpecies  to 
which  thev  belong  difeovered. 

'When  Vitriol  of  iron  is  adulterated  with  a mix- 
ture of  the  Vitriol  of  copper  only,  it  iseafy  to  pu- 
irify  it  and  bring  it  to  be  entirely  martial,  by  diffolv- 
iing  it  in  water,  and  fetting  plates  of  iron  in  the  fo- 
ilution:  for  iron  having  a greater  affinity  than  cop- 
iper with  the  vitriolic  acid,  feparates  the  latter 
from  it,  and  affuming  its  place  produces  a pure 
Vitriol  of  Mars. 

In  large  works  for  extracting  Vitriol  from  the 
iPyrites  they  proceed  thus.  They  colledt  a great 
.quantity  of  Pyrites  on  a piece  of  ground  expofed  to 
the  air,  and  pile  them  up  in  heaps  of  about  three 
ket  high.  There  they  leave  them  expofed  to  the 
adtion  of  the  air,  fun,  and  rain,  for  three  years 
together ; taking  care  to  turn  them  every  fix 
months,  in  order  to  facilitate  the  efflorefcence  of 
:hofe  which  at  firft  lay  undermoft.  The  rain-water 
which  has  walked  thofe  Pyrites  is  conveyed  by  pro- 
per channels  into  a ciftern  ; and  when  a fufficient 
quantity  thereof  is  gathered,  they  evaporate  it  to  a 
oeliicle  in  large  leaden  boilers,  having  firft  put  in- 
o it  a quantity  of  iron,  fome  part  of  which  isdif- 
olved  by  the  liquor,  becaufe  it  contains  a vitriolic 
icid  that  is  not  fully  faturaced  therewith.  When  it 
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is  Efficiently  evaporated,  they  draw  it  off  into  large 
leaden  or  wooden  coolers,  and  there  leave  it  to 
fhoot  into  cry ftals.  . In  thefe  lad  vefiels  feveral 
dicks  are  placed,  eroding  each  other  in  all  manner 
of  directions,  in  order  to  multiply  the  furfaces  on 
which  the  cryfials  may  fallen. 

The  Pyrites  are  not  the  only  minerals  from 
which  Vitriol  may  be  procured.  All  the  ores  of 
iron  and  copper  that  contain  fulphur  may  alfo  be 
made  to  yield  green  or  blue  Vitriol,  according  to 
the  nature  of  each,  by  torrefying  them,  and  leaving 
them  long  expofed  to  the-  air  : but  this  ufe  is  fel- 
dom  made  of  them,  as  there  is  more  profit  to  be 
o-ot  by  extracting, the  metals  they  contain.  Be- 
etles, it  is  ealier  to  obtain  Vitriol  from  Pyrites, 
than  from  thofe  other  mineral  fiibftances. 


PROCESS  II. 

Vi?  extra 51  Sulphur  from  the  Pyrites , and  other  Jul- 
phureous  Minerals. 

REDUCE  to  a coarfe  powder  any  quantity  of 
yellow  Pyrites,  or  other  Mineral  containing 
Sulphur.  Put  this  powder  into  an  earthen  or  glafs 
retort,  having  a long  wide  neck,  and  fo  large  a 
body  that  the  matter  may  fill  but  two-thirds  of  it. 
Set  the  retort  in  a fand-bath  fixed  over  a reverbe- 
ratincr  furnace  : fit  it  to  a receiver  half  full  of  wa- 
ter, and  To  placed  that  the  nofe  of  the  retort  may 
be  about  an  inch  under  the  water:  give  a gradual 
fire,  taking  care  you  do  not  make  it  fo  ftrong  as 
to  rnelt  the  matter.  Keep  the  retort  moderately 
red  for  one  hour,  or  an  hour  and  half,  and  then  ice 

the  veffels  cool. 

Almoft  all  the  Sulphur  feparated  by  this  opera- 
tion from  its  matrix  will  be  found  at  the  extremity 
of  the  neck  of  the  retort,  being  fixed  there  by 
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the  water.  You  may  get  it  out  either  by  melting 
it  with  fuch  a gentle  heat  as  will  notfet  it  on  fire, 
or  by  breaking  the  neck  of  the  retort. 

observations. 

Of  all  minerals  the  Pyrites  contain  the  moft  Sul- 
phur; thofe  efpeciclly  which  have  the  colour  of  fine 
brafs,  a regular  form,  fuch  as  round,  cubical,  hexa- 
gonal, and  being  broken  p'refent  a number  of  fhin- 
ing  needles,  all  radiating,  as  it  were,  from  a center. 

A very  moderate  heat  is  fufficient  to  feparate 
the  Sulphur  they  contain.  We  directed  that  the 
retort  employed  fhould  have  a long  and  wide  neck, 
with  a view  to  procure  a free  paflage  for  the  Sul- 
phur: the  water  fet  in  the  receiver  detains  the  Sul- 
phur, fixes  it,  and  prevents  it  from  flying  off ; fo 
that  it  is  unneceflary  to  clofe  the  joints  of  the  vef- 
fels.  But  it  is  proper  to  take  notice  that  when  ever 
you  ufe  an  apparatus  for  diftilling,  which  requires 
the  beak  of  the  retort  to  be  under  water,  it  is  of 
very  great  confequence  that  the  fire  be  conftantly 
fo  regulated  that  the  retort  may  not  cool  in  the 
lead  for  in  that  cafe,  as  the  rarefied  air  contained 
therein  would  be  condenfed,  the  water  in  the  re- 
ceiver would  rife  into  the  retort  and  break  it. 

If  in  diftilling  Sulphur,  according  to  the  pre- 
fent  procefs,  the  matter  contained  in  the  retort 
fhould  happen  to  melt,  the  operation  would  be 
thereby  confiderably  protracted,  and  it  would  re- 
quire a great  deal  more  time  to  6xtraCt  all  the 
Sulphur  ; becaufe  all  evaporation  is  from  the  fur- 
face  only,  and  the  matter,  while  it  remains  in  a 
coarfe  powder,  prefents  a much  more  extenfive 
furface  than  when  it  is  melted. 

This  remark  holds  with  regard  to  all  other  diftil- 
lations.  Any  quantity  of  liquor,  fet  to  diftil  in  its 
fluid  date,  will  take  much  more  time  to  rife  in  va- 
pours, and  pafs  from  the  retort  into  the  receiver, 
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than  if  it  be  incorporated  with  fo'me  folid  body  re- 
duced to  minute  parts,  fo  that  the  whole  iE all  make 
a moifl  powder;  and  this  though  the  very  fame  de- 
gree of  fire  be  applied  in  both  cales. 

If  the  matter  from  which  it  is  propofed  to  extract 
Sulphur  be  fuch  as  will  melt  with  the  degree  of  fire 
neceflarv  to  this  operation  ; that  is,  with  a heat 
•which  will  make  the  retort  but  faintly  red,  it  muft 
be  mixed  with  fbme  fubftance  that  is  not  lo  fufi- 
ble.  Very  pure  coarfe  fand,  or  clean  gravel,  may 
be  u fed  with  fuccefs  : but  abforbent  earths  are 
altogether  improper  for  this  purpofe,  becaufe  they 
will  unite  with  the  Sulphur. 

The  fulphureous  minerals  which  are  mod  apt  to 
fu-fe  are  the  cupreous  Pyrites,  or  yellow  copper 
ores  : common  lead  ores  are  alfo  very  fufible. 

The  Pyrites  are  by  this  operation  deprived  of  al- 
mod  all  the  Sulphur  they  contain ; and  confequently 
little  is  left  behind,  but  the  particles  of  iron  and 
copper,  together  with  a portion  of  unmetallic  earth, 
which  we  (hall  fiiew  how  to  feparate  from  thefe  me- 
tals, when  we  come  to  treat  of  them.  I fay  that  by 
this  operation  thfe  Pyrites  are  deprived  of  aimed  all, 
and  not  entirely  of  all  their  Sulphur ; becaufe,  this 
reparation  being  made  in  clofe  vedels  only,  there 
always  remains  a certain  quantity  of  Sulphur, which 
adheres  fo  obdinately  to  the  metals,  that  it  would 
;be  almod  impoffible  to  get  it  all  out,  even  though 
a much  dronger  fire  than  that  directed  in  thepio- 
cefs  were  applied  for  this  purpoie,  and  though 
choice  had  been,  as  it  ougnt  to  be,  made  of  fuch 
Pyrites, : or  other  fulphureous  Minerals,  as  part 
mod'  ejdily  with  their  Sulphur.  Nothing  but  a 
very  itrong  fii-e  in  the  open  air  is  capable  cf  ca*  - 
ryintr  it  wholly  od,  or  confuming  it  entirely. 

In  feveral  places  are  found  great  quantities  of 
native  Sulphur.'  The  Volcanos  abound  with  it, 
and  people  gather  it  at  the  foot  of  thole  burning 

> ‘ ■■  ■ ' mountains. 
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mountains.  Several  fprings  of  mineral  waters  alfo 
yield  Sulphur,  and  it  is  fometimes  found  fublimed 
to  the  vaulted  roofs  of  certain  wells,  and  among 
others  in  one  at  Aix-la-Chapelle. 

The  Germans  and  Italians  have  large  works, 
for  extrading  Sulphur  in  quantities  out  of  Py- 
rites, and  other  minerals  which  abound  therewith. 
The  procefs  they  work  by  is  the  fame  with  that 
here  delivered  ; but  with  this  difference  only,  that 
Sulphur  being  but  of  fm-all  value  they  do  not  ule 
fo  many  precautions.  They  content  themfelves 
with  putting  the  fulphureous  minerals  into  large 
crucibles,  or  rather  earthen  cucurbits,  which  they 
place  in  the  furnace  in  fuch  a manner  that,  when 
the  fulphureous  part  melts,  it  runs,  into  veflels 
filled  with  water,  and  is  thereby  fixed. 

The  Sulphur  obtained,  either  by  diflillation  or 
by  fimple  fufion,  is  not  always  pure. 

When  it  is  obtained  by  diflillation,  if  the  matters  ’ 
from  which  you  extract  it  contain  moreover  fome 
other  minerals  of  nearly  the  fame  volatility,  fuch, 
for  inflance,  as  Arfenic,  or  Mercury,  thefe  mine- 
rals will  come  over  with  it.  This  is  eafily  per- 
ceived : for  pure  fublimed  Sulphur  is  always  of  a 
1 beautiful  yellow,  inclining  to  a lemon  colour.  If 
it  look  red,  or  have  a red d i ill  cafl,  it  is  a fign  that 
Tome  Arfenic  hath  arifen  along  with  it. 

Mercury  fublimed  with  Sulphur  likewife  gives  it 
a red  colour;  but  Sulphur  is  very  feldom  adulte- 
rated with  this  metallic  fubftance : for  Arfenic  is 
frequently  found  combined  with  the  Pyrites,  and 
other  fulphureous  minerals:  whereason  the  contrary 
we  very  rarely  meet  with  any  Mercury  in  them. 

But  if  Mercury  fhould  happen  to  rife  with  the 
Sulphur  in  dillillation,  it  may  be  difcovered  by  ex- 
amining the  fublimate  ; which,  in  that  cafe,  will 
have  the  properties  of  Cinabar:  on  being  broken  its 
in  fide  will  appear  to  conliflof  needles  adhering  la- 
terally 
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terallv  to  each  other  ; its-weight  will  be  very  con- 
fiderable  ; and  laftly,  the  great  heat  of  the  place 
where  it  is  colledled  will  furnifti  another  mark  to 
know  it  by;  for  as  Cinabar  is  lefs  volatile  than 
Arfenic  or  Sulphur,  it  fattens  on  places  too  hot  foi  j 
either  Sulphur  or  Aifcnic  to  bear. 

Sulphur  may  alfo  be  adulterated  with  fuch  fixed 
matters  either  metallic  or  earthy,  as  it  may-huve 
carried  up  along  with  it  in  the  diftillat.on  or  as  may 
have  been  fublimed  by  the  Arlenic  which  has  a ft,  l 
oreater  power  thanSulphur  to  volatilize  fixed  bodies. 

D if  you  defire  to  free  the  Sulphur  from  moft  o 
theft  heterogeneous  matters,  it  muft  be  put  mto 
an  earthen  cucurbit,  and  fet  in  a fand-bath.  1 
the  cucurbit  muft  be  fitted  one  or  more  aludels, 
and  fuch  a degree  of  heat  applied  as  {hall  but  juit 
\ 1T)elt  the  Sulphur ; which  is  much  lefs  than  that 
neceffary  to  feparate  the  Sulphur  from  its  matrix. 
As  foon  as  the  Sulphur  is  melted  it  will  foMime  m 
lemon-coloured  flowers,  that  will  fticlc  to  the  in 

f’dWhen  nothing  more  appears  to  rife  with  this  de- 
greeof  heat,  th°e  veffels  muft  befgtocoo|; 


process  hi. 

q 0 extras  Alu.*  from  aluminous  Minerals. 
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year  without  any  fenfible  change,  calcine  them,  and 
then  leave  them  expofed  to  the  air,  till  a bit  thereof 
being  put  on  the  tongue  imparts  an  aftringent  alu- 
minous tafte. 


When  your  matters  are  thus  prepared,  put 
them  into  a leaden  or  glafs  vefTel ; pour  upon  them 
thrice  their  weight  of  hot  water;  boil  the  liquor; 
filter  it;  and  repeat  thefe  operations  till  the  earth 
be  fo  edulcorated  that  the  water  which  comes  off  it 
hath  no  tafte.  Mix  all  thefe  folutions  together, 
and  let  them  ftand  four-and-twenty  hours,  that  the 
grofs  and  earthy  parts  may  fettle  to  the  bottbm ; 
or  elfe  filter  the  liquor : then  evaporate  till  it  will 
bear  a new-laid  egg.  Now  let  it  cool,  and  ftand 
quiet  four-and-twenty  hours  : in  that  time  fome 
cryftals  will  Ihoot,  which  are  moft  commonly  vitri- 
olic; for  Alum  is  rarely  obtained  by  the  fir  ft  cryf- 
tallization.  Remove  thefe  vitriolic  cryftals  :*  if 
any  cryftals  of  Alum  be  found  amongft  them, 
thefe  muft  be  diifolved  anew,  and  fet  to  cryftallize 
a fecond  time  in  order  to  their  purification ; becaufe 
mey  partake  of  the  nature  as  well  as  of  the  colour 
of  vitriol.  By  this  method  extraft  all  the  Alum 
that  the  liquor  will  yield. 

If  you  get  no  cryftals  of  Alum  by  this  means, 
boil  your  liquor  again,  and  add  to  it  a twentieth 
part  of  its  weight  of  a ftrong  alkaline  lixivium,  or 
a third  part  of- its  weight  of  putrefied  urine,  or  a 
imall  quantity  of  quick-lime.  Experience  and  re- 
peated  trials  muft  teach  you  which  of  thefe  three 
iubftances  is  to  be  preferred,  according  to  the  par- 
ticular nature  of  the  mineral  on  which  you  are  to 
operate.  Keep  your  liquor  boiling,  and  if  there  be 
any  Alum  in  it,  there  will  appear  a white  precipi- 
tate : m that  cafe  let  it  cool  and  fettle.  When  the 
white  precipitate  is  entirely  fallen,  decant  the  clear, 
and  leave  the  cryftals  of  Alum  to  (hoot  at  leifure 

3 till 
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till  the  liquor  will  yield  no  more:  it  will  then  be 
exceeding  thick.  . 

O B S E R VAT  1 0 N S'. 

Alum  is  obtained  from  fcveral  loits  of  Minerals. 
In  fome  parts. of  Italy,  and  in  fundry  other  places, 
it  efflorefees  naturally  on  the  furface  or  the  eaith. 
There  it  is  fwept  together  with  brooms,  and  thrown 
into  pits  full  of  water.  This  water  is  impregnated 
therewith  till  it  can  dilTolve  no  more.  Then  it  is 
filtered,  and  let  to  evaporate  in  large  leaden  veffcls > 
and  when  it  is  fufficiently  evaporated,  and  leady  to 
fhoot  into  cryftals,  it  is  drawn  off  into  wooden  cool- 
ers, and  there  left  for  the  Elt  to  cryftallize 

In  aluminous  foils  there  are  often  found  fprmgs 
jfrongly  impregnated  with  Alum  ; fo  that  to  obtain 
it  the  water  need  only  be  evapoiated. 

In  the  country  about  Rome  there  is  a very  haid 
ftone,  which  is  hewn  out  of  the  quarry  juft  like 
other  {tones  for  building  : this  ftone  yields  a great 
deal  of  Alum.  In  order  to  extract  it,  the  (tones 
are  calcined  for  twelve  or  fourteen  hours ; alter 
which  they  are  expofed  to  the  air  in  heaps,  an 
carefully  watered  three  or  four  times  a day  for  forty 
days  together.  In  that  time  they  begin  to  efflorefte, 
and  to  throw  out  a reddifh  matter  on  the, rlurface 
Then  they  are  boiled  in  water,  which  dillolves  all 
the  Alum  they  contain,  and  being  duly  evaporated 
gives  it  back  in  cryftals.  This  is  the  Alum  call 

Several  forts  of  Pyrites  alio  yield  a great  deal  <* 
Alum.  The  Englifo  have  a ftone  of  this  kind 
which  in  colour  is  very  like  a (late.  This  fto 
contains  much  Sulphur,  which  tney  get  «<■  Q • 
roaftingit.  After  this  they  fteep  the  calcined 
in  water,  which  diffolves  the  Alum  it  contains,  and 
to  this  folution  they  add  a certain  quantity  ot,  a lye 
made  of  the  a fires  of  fea-veeds. 
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The  Swedes  have  a Pyrites  of  a bright,  golden 
colour,  variegated  with  filver  fpots,  from  which 
they  procure  Sulphur,  Vitriol,  and  Alum.  They 
feparate  from  it  the  Sulphur  and  the  Vitriol  by  the 
methods  above  prefcribed.  When  the  liquor  which 
hath  yielded  Vitriol  is  become  thick,  and  no  more 
vitriolic  cryftals  fhoot  in  it,  they  add  an  eighth  part 
of  its  weight  of  putrefied  urine*  mixed  with  a lye 
made  of  the  allies  of  green  wood.  Upon  this 
there  appears  and  falls  to  the  bottom  a copious  red 
fediment.  They  decant  the  liquor  from  this  preci- 
pitate, and  when  it  is  duly  evaporated  find  it  fhoot 
into  beautiful  cryftals  of  Alum. 

What  hath  been  faid,  concerning  the  feveral  ma- 
trices from  which  Alum  is  obtained,  furEciently 
fliews  that  it  is  feldom  folitary  in  the  waters  with 
which  aluminous  fubjedts  have  been  lixiviated.  It  is 
almoft  always  accompanied  with  a certain  quantity 
of  Vitriol,  or  other  faline  mineral  matters,  which 
obftrudt  its  cryftallization,  and  prevent  its  being 
pure.  'Tis  with  a view  to  free  it  from  thefe  mat- 
ters, that  the  waters’impregnated  with  Alum  are 
mixed  with  a certain  quantity  of  the  lye  of  fome 
fixed  Alkali,  or  with  putrefied  urine,  which  con- 
tains much  volatile  Alkali.  Thefe  Alkalis  have  the 
property  of  decompounding  all  the  Neutral  falts 
which  have  for  their  bafts  either  an  abforbent  earth 
or  a metallic  fubftance ; and  fuch  as  have  a metallic 
fubftance  for  their  bafts  more  readily  than  thofe 
who fe  bafts  is  an  earth.  Confequendyj  if  they  are 
mixed  with  a liquor  in  which  both  thefe  forts  of  falts 
are  difTolved,  they  mu  ft  decompound  that  fort  whofe 
bafts  is  metallic  fooner  than  the  other  whofe  bafts  is 
an  earth.  This  is  what  comes  to  pafs  in  a folution 
of  Alum  and  Vitriol.  The  metallic  part  of  the 
latter  is  feparated  from  its  acid  by  the'Alkalis  when 
mixed  with  that  folution  ; and  his  this  metallic 
part,  which  is  generally  iron,  that  appears  in  the 
form  of  a reddifh  precipitate,  as  above-mentioned. 

But 
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But  becaufe  Alkalis  decompound  alfo  thofe  Neu- 
tral falts  which  have  an  earth  for  their  balls,  care 
muft  be  taken  that  too  much  thereof  be  not  added ; 
elfe  what  you  put  in,  more  than  is  neceffary  to  de-  I 
compound  the  vitriolic  falts  in  your  liquor,  will  at- 
tack* the  Alum,  and  decompound  it  likewife. 

The  Alkali  made  ufe  of  to  promote  the  crystalli- 
zation of  the  Alum  joins  with  the  Vitriolic  Acid, 
which  had  diffolved  the  fubftances  now  precipitat- 
ed, and  therewith  forms  different  Neutral  falts  ac- 
cording to  its  particular  nature.  If  the  Alkali  be  a 
lixivium  of  common  wood-afhes,  the  Neutral  fait 
will  be  a vitriolated  Tartar;  if  a lixivium  of  the 
allies  of  a maritime  plant  like  Soda,  the  Neutral 
fait  will  be  a Glauber’s  fait ; if  putrefied  urine,  the 
Neutral  fait  will  be  a vitriolic  Ammoniacal  ialt. 
Some  of  thefe  falts  incorporate  with  the  Alum, 
which  in  large  works  cryftallizes  in  vaft  lumps : and 
hence  it  comes  that  fome  forts  of  Alum  when  mixed 
with  a fixed  Alkali  fmell  like  a volatile  AUali. 

The  cryftals  of  Alum  are  odtaedral,  that  is,  they 
are  folids  with  eight  fides.  Thefe  oftaedra  iolids 
are  triangular  pyramids,  having  their  angles  cut 
away,  fo  that  four  of  their  furfaces  are  hexagons, 

and  the  other  four  triangles. 

Sulphur,  Vitriol,  and  Alum  are  the  three  prin- 
cipal fubjedts  in  which  we  certainly  know  that  the 
univerfal  or  Vitriolic  Acid  particularly  refides,  and 
from  which  we  extradt  it  when  we  want  to  have  it 
nure.  For  this  reafon  we  thought  it  proper,  be- 
fore we  treated  of  the  extra&ion  of  this  Acid,  to 
ihew  the  method  of  feparating  thofe  matters  them- 
felves  from  the  other  minerals  out  of  which  we  ob- 
Moreover, all  the  other  matrices,  in  which 
Vitriolic  Acid  is  moft  commonly  lodged,  may  bfi 
referred  to  one  or  other  of  the  matters  which  ferv. 
as  bafes  to  thefe  three  minerals. 
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To  Sulphur  we  may  refer  all  combinations  of 
the  Vitriolic  Acid  with  an  inflammable  matter: 
but  we  mult  take  care  not  to  confound  Sulphur 
with  thofe  Bitumens  in  which  the  Vitriolic  Acid 
may  be  found  : for  the  bafis  of  thofe  bitumens  is  a 
real  Oil ; whereas  the  bafis  of  Sulphur  is  the  pure 
Pnlogiflon.  Yet  as  Oils  themfelves  contain  the 
Phlogifton,  which  in  union  with  the  Vitriolic  Acid 
forms  a true  Sulphur,  it  follows  that  fuch  bitumens 
may  in  a certain  refpeft  be  clafled  with  Sulphur. 

The  fame  is  to  be  faid  of  Vitriol.  The  name  is 
11  fu ally  given  to  fuch  combinations  only  as  are  form- 
: ed  of  the  Vitriolic  Acid  with  Iron  or  Copper,  which 
make  the  green  and  blue  Vitriol  ; and  to  a third 
fpecies  of  Vitriol,  which  is  white,  and  has  Zinc  for 
.its  bafis : but  as  the  Vitriolic  Acid  may,  by  parti- 
cular combinations,  be  united  with  many  other 
metallic  fubftances,  ail  fuch  Metallic  Salts  mull:  be 
referred  to  the  clafs  of  Vitriols. 

The  fame  may  alfo  be  faid  of  Alum,  which  is 
mo  other  than  a combination  of  the  Vitriolic  Acid 
with  a particular  kind  of  abforbent  earth ; fo  that 
. all  combinations  of  this  Acid  with  any  earth  what- 
.ever  may  be  placed  in  the  fame  clafs. 

This  laft  clafs  of  mixts  is  the  mod  extenfive  of 
all  that  contain  the  Vitriolic  Acid ; becaufe  there  are 
- a yaftmany  earths,  all  differing  from  one  another, 
with  which  that  Acid  may  be  united.  Alum  pro- 
perly fo  called,  the  Gypfums, Talcs, Selenites, Boles, 
and  all  the  other  compounds  of  this  kind,  differ 
from  each  other  only  in  their  particular  earths. 

The  different  properties  of  thefe  earthy  f^lts  de- 
fend on  the  nature  of  their  bafes.  Thofe  which 
1 areofthealumlnouskind,  retain  much  water  in  cryf- 
tallizing,  which  makes  them  very  foluble  in  water, 
>and  gives  them  the  property  of  acquiring  readily 
.the  aqueous  fluor  when  expofed  to  the  fire.  Thofe 
which  are  of  the  nature  of  the  Selenites  admit  but 
very  little  water  in  their  cryfhls,  and  confequently 

arc 
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are  almoft  i'nfoluble  in  water;  nor  does  the  fire  give 
them  an  aqueous  fluor.  Laftly,  the  Gypfums  and 
Talcs  are  ftill  more  deftitute  of  thefe  properties. 
The  natures  of  the  earths  in  thefe  feveral  com- 
pounds are  hitherto  but.  very  imperfectly  known, 
and  may  give  the  Chymifts  occafion  tor  enquiries 

equally  curious  and  ufeful. 

The  Vitriolic  Acid  is  fometimes  found  compli- 
cated with  a fixed  alkaline  bails.  Tins  is  almoft  al- 
ways the  Alkali  of  Sea-falt;  fo  chat  the  compound  is 
a Glauber's  Salt.  Some  mineral  waters  are  impreg- 
nated therewith  ; which  happens  when  thefe  waters 
contain  Vitriol  or  Alum,  together  with  Sea-falt. 

From  theprincipleslaid  down,  in  ourEiements  of 
the  Theory,  it  appears  that  the  Vitriolic  Acid  hath 
not  fo  great  an  affinity  with  earthy  and  metallic  fub- 
ftances  as  with  fixed  Alkalis ; and  alfo  that  it  is 
ftronger  than  the  Vlanne  Acid,  and  hath  a greater 
affinity  with  fixed  Alkalis,  d his  being  allowed, 
the  veneration  of  native  Glaubei  s Salts  is  eafily 
accounted  for.  The  Acid  of  aluminous  orVitriolic 
falts  quits  the  earth  or  the  metal  with  which  it  was 
combined,  and  expelling  the  Acid  of  fea-ialt  unites 
with  its  bafis.  Warmth  greatly  piomoi.es  thefe 

decompofitions.  „ . p 

If  the  common  foffil  fait,  ufually  called  Sal  Gem  ,01 

any  other  kind  of  Sea-falt,  fhould  happen  to  be  near 
a Volcano,  when  it  difcharges  flaming  Sulphur,  as 
is  frequently  the  cafe,  and  if  this  Sulphur  fhould 
run  among  the  Sea-falt,  a Glauber’s- Salt  would  in- 
ftantly  be  formed  in  that  place  ; becaufe  when  Sul- 
phur burns,  its  Acid  is  feparated  and  fet  at  liberty. 

Laftly,  if  aluminous  or  vitriolic  matters,  or  burn- 
in**  Sulphur,  fhould  meet  with  the  afhes  of  plants  or 
trees  con  fumed  by  fire,  a vitriolated  1 artar  womd 
be  formed,  becaufe  thefe  afhes  contain  a fixed  Al- 
kali of  the  fame  nature  with  that  of  Tartar. 

The  Vitriolic  Acid  when  combined  with  an  earth) 

bafis  adheres  ftrongly  thereto  > fo  that  the  farce^o 
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fire  is  able  to  expel  very  little  or  none  of  it.  There 
is  no  way  of  feparating  it  from  fuch  a bafis,  but  by 
prefenting  to  it  an  Alkaline  Salt, with  which  it  will 
unite  : nor  is  it  ever  extracted  from  fuch  matters 
when  it  is  required  pure.  It  does  not  adhere  fo 
firmly  to  metallic  fubftances;  but  is  leparated  from 
them  by  the  force  of  fire:  fo  that  it  may  be  obtained 
from  the  feveral  forts  of  Vitriol.  It  is  ufually  drawn 
from  Green  Vitriol ; that  being  the  commoneftfort. 

As  to  Sulphur,  the  Phlogifton  which  is  its  bafis 
being  the  fubftance  wherewith  the  Vitriolic  Acid 
hath  the  greateft  affinity,  it  would  be  altogether  im- 
poffible  to  decompofe  it,  and  to  feparate  its  Acid, 
if  it  were  not  inflammable  ; but  by  burning  it  the 
Phlogifton  is  deftroyed,  and  leaves  the  Acid  at  li- 
berty. By  this  means  therefore  it  may  be  feparated. 
We  fhall  now  give  the  proceffes  for  extrading  the 
Acid  from  Vitriol  and  Sulphur. 


PROCESS  IV. 

To- extract  the  Vitriolic  Acid  from  Green  Vitriol * 

TAKE  any  quantity  of  Green  Vitriol  : put  it 
in  an  unglazed  earthen  veffcl,  and  heat  it 
gradually  .Vapours  will  foon  begin  to  rife.  Encreafe 
the  fire  a little,  and  it  will  liquefy  by  means  of  the 
water  contained  in  it,  and  acquire  what  we  called 
an  aqueous  ftuor.  Continue  the  calcination,  and  it 
v ill  oecome  lefs  and  lefs  fluid,  grow  thick,  and  turn 
of  a greyiffi  colour.  Now  raile  your  fire,  and  keep 
it  up  till  the  fait  recovers  its  folidity,  acquire  an 
orange  colour,  and  begin  to  grow  red  where  it 
immediately  touches  the  fides  of  the  veil  el.'  Then 
take  ic  out,  and  reduce  it  to  powder. 

I ut  the  Vitriol  thus  calcined  and  pulverized  into 
a good  earthen  retort,  of  which  one-half  at  leaft 
Vot-1-  Q.  myft 
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muft  remain  empty.  Set  the  retort  m a teverbera- 
torv furnace:  fit  thereto  a large  glafs  receiver,  and, 
having  luted  the  joint  well,  give  fire  by  degrees 
You  will'foon  fee  white  clouds  rifeinto  the  rtcei  , 
which  will  render  it  opaque,  and  heat  it  Contmu 
the  fame  decree  of  fire  till  thefe  clouds  disappear . 
they  will  be  fucceeded  by  a liquor  which  wil  tnc  t e 
down  the  fides  of  the  receiver  in  veins  bull  ke  p 
on  the  fire  to  the  fame  degree  as  long  as  theie  veins 
appear  When  they  begin  to  abate,  encreafe  t le 
fire  and  pulh  it  to  the  utmoft  extremity:  upon  this 
there  will  come  over  a black,  thick  liquor:  it  will 
even  be  found  congealed,  and  prove  the  Icy  0.1  of 
Vitriol  if  care  hath  been  taken  to  change  the  re- 
ceive- ’keep  the  veflels  perfeftly  clofe,  and  give  a 

{efficient  degree  of  heat.  Proceed  thus  till  nothing 

more  comes  over,  or  at  lead  very  l.ttie.  1. 
veflels  cool,  unlute  them,  pour  the  contents  of  the 
receiver  into  a bottle,  and  feal  it  hermetically. 


OBSERVATIONS. 

Green  Vitriol  retains  much  water  in  cryftalhz- 
ing  . and  in  order  to  free  it  from  that  fuperflu°^ 
plflemn  it  muft  be  calcined  before  you  diftil  it. 
Without  this  precaution  the  operation  vv.ll  be  ea- 
reedinelv  protrafted,  and  a great  deal  of  time 

UJ i« &«i»s  r«*  > v £ sjs, "i 
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tion  of  heat,  and  run  into  a mats i . » .t 

■dueed  ?oq?1Swder  which  never  becomes  fiu.d.^ 
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\ itTiol  calcined  as  dneded  in  the  proceis  °rows 

fo  hard,  and  adheres  fo  firmly  to  the  vefiel  in  which 

the  calcination  is  performed,  that  it  requires  no 

fmall  pains  to  feparate  and  pulverize  it.  Care  muft 

be  taken  to  put  it  into  the  retort  as  foon  as  it  is 

pulverized,  and  to  Hop  that  vefiel  very  dole  if  you 

do  not  begin  the  diftillation  immediately  : for 

other  wife  it  will  naturally  attract  from  the  air  al- 

111  oft  the  moifiure  it  hath  loft. 

,r  The  Acid  which  Vitriol  yields  by  diftillation  is 

! sulphureous ; probably  becaufe  itftill  retains  fame 

jt  thePhlogifton, with  which  it  was  united  when  un- 

-ier  the  form  of  fulphur  in  the  Pyrites  $ or  elfe  hath 

aid  hold  on  a portion  of  that  belonging  to  the  iron 

•which  ferved  for  its  bafis  in  Vitriol.  But  this  ful- 

onureous  part  is  volatile,  and  flies  off  in  time. 

This  decompofition  of  Vitriol  in  clofe  vefltls  is 

; . difficult  and  laborious  procefs.  To  carry  the  ope- 

ation  to  its  utmoft  perfedion  requires  a fire  of 

•xtreme  violence,  kept  up  without  intermiflion 

uinng  four  or  five  days  ; fuch  in  ihort  as  few  vef- 

;ds  are  able  to  bear.  Of  courfe  this  operation  is 

d d o m per  formed  in  laboratories.  The  French 

-Tymifts  tetch  their  Oil  of  Vitriol  from  Holland, 

; here  it  is  extraded  from  Vitriol  in  large  quanti- 

*es  by  means  of  furnaces  ereded  for  the  purpofe 

1 t 1CuH  i^any  retorts  afe  employ^d  at  once.  1 ’ 

Iellor  h^r°irS  °f  the  Acadtm>'  of  Sciences  M. 

ances  of  I g,Vefin  US  thC  m°ft  matcrial  circum- 
nces  of  a very  fine  experiment  of  this  kind,  in 

'hich  he  pumed  the  diftillation  of  Green  Vitriol 

,3  t e,  Inro  a German  retort  * he  put  fix 

ounds  of  Green  Engliih  Vitriol  calcined  to  red-- 

O ent' T VXrP  C°  4 firt‘  <)f  thc 

-ur  h“  C i PC  UP  .durin8  and 

nights.  Ac  the  expiation  of  that  time  he 


• • 


They  are  much  the  belt,  and  bear  a v^r  toed  heat. 

^ 2 found- 
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found  in  the  veffels  employed  as  receivers 

OH  of  VitrS^S  Wt£  p««utions  neceffary 
line  form  and  blade.  P he  reprefents  in 

to  make  this  experiment  lucceed  1 

the  following  terms*  nneration  which  produces 

“ Th?hvrfS^  oe X T nd  without  any 

" f"  011  llendf  o£he caie  taken  to  prevent  the 
<c  hquoi,  d i , the  fire  out  of  Y \tno\ 

tc  acid  vapouis,  d ? having;  any  commum- 

“ '^'"tuh^erSir  S A are  diftil- 
“ cation  with  the  ex  wU,  attraft  from  it  a 

tc  png  ; for  Other  Y jn  the  re- 

“ nioiftute  which  w 1 fae  at  foch  a diftance 

“ ceiver.  The  recei  . ma;n  cool  enough 

“ from  the  furnace  th  Y There  mutt 

“ for  the  vapours  to  cot d^hofe  v apours  to  dr- 
“ alfo  be  fufficient  rooi  efulphureous  explo- 

“ CUiat£  ' i ’•  T tre  every  now  and  then  difchaLd 

<c  fions,  which  are  e y , • tpe  veflels : for 

tc  out  of  the  retort,  r ; nation  of  the  Vitriol 

“ though  the  P^v^Smoft  volatile,  yet  there  fti’d 
“ hath  earned  off  the  inflammabk  pnnople, 
“ remains  enough  o ^ form  a Suiphur  with. 
“ even  in  the  non  n > . , or  at  kafr  a mixt 

“ the  Acid  as  it  is  e -£  fjre  as  common  Sul- 

“ that  would  be  as  apt  ^ wkh  the  Acid. 

“ P^r,  tVTmeanrof  gaining  thefe  ends  M 
“,^SthLbCl^rl  ro  adapt  to  the  neck  of  h 


‘‘  As  the  beft  means  «^g"^  neck  0f 

S^-h^his  manner  a: 

called  Adopters.  _ tWs  icy  Oil  o 

“ It  is  no  ealy  the  air  touches, 

‘ of  the  ballon  . f°  ‘ fnlohureous  fumes  aril 
C,  foch  a thick  Cloud  of! vdphuteo  ^ yd 

‘ that  ic  IS  abfolute  y ne  i j-  man  can 
:<  on  feme  fcelf  over  head,  bee.  K ftj 
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«*  ftand  expofed  thereto  for  a Tingle  minute  with- 
“ out  being  fuffocated.” 

This  Icy  Acid  muft  be  fhut  up  with  all  poflible 
expedition  in  a cryftal  bottle  accurately  clofed  with 
a glafs  ftopple,  which  fhould  be  ground  with  emery 
in  its  neck  To  as  to  fit  it  exactly:  for  it  attra&s 
moifture  To  powerfully,  that, unlefs  exceeding  great 
care  be  taken  to  prevent  all  communication  with 
the  external  air,  it  will  foon  diffolve  into  a fluid. 

“ The  Icy  Oil  is  black ; becaufe  the  acid  vapours 
cc  carry  over  with  them  fomething  of  a greafy 
<c  matter,  from  which  Vitriol  is  feldom  free,  and 
“ which  always  appears,  after  repeated  folutions 
c<  and  cryftallizations  of  this  Salt,  in  the  mother- 
“ water  which  will  (hoot  no  more.  Now  the 
“ fmalleft  portion  of  inflammable  matter  prefently 
cc  blackens  the  mod  highly  rectified  Oil  of  Vitriol, 
cc  which  is  perfectly  clear. 

<c  The  Vitriolic  Acid,  when  forced  over  by  a 
ct  violent  heat,  carries  along-  with  it  fome  ferrugi- 
“ nous  particles  alfo,  that  want  nothing  but  to  be 
“ united  with  a Phlogifion  to  become  true  iron. 
<f  They  are  eafily  difeovered, either  in  the  common 
“ black  Oil  of  Vitriol,  or  in  the  blackifh  cryftals 
“ of  the  Icy  Oil,  by  only  diflolving  them  in  a large 
<c  quantity  of  diftilled  water:  for  after  feven  or 
<f  eight  days  digeflion  a light  powder  or  downy 
<c  lediment  precipitates,  which  being  calcined  in  a 
<c  violent  fire  is  partly  attracted  by  the  magnet; 
“ and  being  again  calcined  with  bees  -wax  becomes 
<{  almolt  entirely  iron.” 

1 he  Caput  mortuum  of  this  difbill  ation  of  Vitriol 
is  the  ferruginous  earth  of  this  Salt,  and  is  called 
Colcotbar.  When  this  Colcothar  hath  undergone  a 
violent  fire,  aS  in  the  experiment  now  related,  lcarce 
any  Acid  remains  therein.  Out  of  fix  pounds  of 
\ itiiol  that  M.  Hellot  uled,  he  could  recover  no 
more,  by  lixiviating  what  was  left  in  the  retort, 

0^3  than 
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than  two  ounces  of  a Vitriolic  Salt  i and  even  that 
was  very  earthy. 

If  Vitriol  be  expofed  to  a fire  neither  jo  violent 
nor  fo  long  continued,  its  Colcothar  will  yield  a 
greater  quantity  of  Vitriol  that  hatn  not  been  de- 
compofed.  A white  cryftalline  fait  is  alfo  obtained 
from  it,  and  called  Salt  of  Colcothar  ; which  1S  no 
other  than  the  fmall  portion  of  Alum  ufually  con- 
tained in  Vitriol,  and  not  fo  eafily  decompoled  by 
the  a6lion  of  fire. 


PROCESS  V. 


T" o dccowpofe  Sulphur , and  extract  its  Acid , ly 

burning  it. 


TAKE  any  quantity  of  the  pureft  Sulphur  : fill 
therewith  a crucible  or  other  earthen  dim  : 
heat  it  till  it  melts:  then  fet  in  on  fire;  and  when  its 
■whole  furface  is  lighted  place  it  under  a large  glaiS- 
head,  taking  care  that  the  flame  of  the  Sulphui  do 
not  touch  either  it  fides  or  bottom  ; 
h°ve  free  accefs,  in  order  to  make  the  Sulphur 
burn  clear;  and  that  the  head  incline  a little  to- 
ward the  fide  on  which  its  beak  is,  that  as  the  va- 
pours eondenfe  therein  the  liquor  may  run  off  with 
eafe  To  the  beak  of  this  veffel  fit  a receiver : the 
fumes  of  the  lighted  Sulphur  will  be  condenfed 

and  rather  into  drops  m the  head,  out  of  which 
they  will  run  into  the  receiver.  There,  when  the 
Sulphur  has  done  burning,  you  wi  1 find  an  Acia 
liquor,  which  is  the  Spirit  of  Sulphur. 

o BSERVjrro  ns. 

In  the  burning  of  Sulphur,  the  Phlogifton  whiclj 
ferves  for  its  bafis  is  diffipated,  and  feparated  fron 
the  Acid  which  is  left  at  liberty.  The  acid  “ff 

which  rife  from  the  lighted  fulphurftnke.aga 
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infideof  the  head  placed  over  it, are  there  condenfed, 
and  appear  in  the  form  of  a liquor.  But  as  Sulphur, 
like  all  other  inflammable  bodies,  Nitre  excepted, 
will  not  burn  in  clofe  veifels,  it  is  neceffary  that  the 
air  be  freely  admitted  here;  which  occafions  thelofs 
of  a great  de-al  of  the  Acid  of  the  Sulphur,  as  is  * 
evident  from  the  pungent  fuffocating  fmell  per- 
ceived in  the  laboratory  during  the  operation. 

This  Acid,  while  combined  with  the  Phlogifton, 
is  incapable  of  contrafting  any  union  with  water; 
but  when  alone  is  very  apt  to  mix  therewith  : it  is 
even  proper  to  put  fome  in  its  way,  that  it  may  in- 
corporate therewith  as  foon  as  it  is  difcharged  from 
the  Sulphur;  for  it  is  then  very  free  from  phlegm, 
very  volatile,  and  confequentlv  very  little  difpofed 
to  condenfe  into  a liquor,  but  on  the  contrary  very 
apt  to  fly  off  in  vapours.  The  water,  which  it 
imbibes  with  a kind  of  avidity,  fixes  and  detains 
it;  fo  that  by  this  means  a much  greater  quantity 
thereof  is  obtained  from  Sulphur,  than  if  it  were 
diftilled  without  this  precaution. 

It  is  proper  therefore  nowand  then  to  introduce  a 
difh  full  of  hot  water  under  the  head  which  receives 
the  fumes  of  the  Sulphur.  The  vapours  that  ex- 
hale from  the  water  bedew  the  infide  of  the  head, 
and  procure  the  advantage  we  are  fpeaking  of. 

The  fame  thing  may  be  effected  feveral  other 
wavs:  thus,  the  crucible  containing  the  Sulphur 
may  be  fet  on  a foot  placed  in  an  earthen  difh  with 
fome  water  in  it ; which  however  muftnot  rifeabove 
{he  foot;  for  if  it  fhould  reach  the  crucible,  it  might 
cool  and  fix  the  fulphur.  The  difh  thus  prepared 
mult  be  placed  on  a fand-bath  hot  enough  to  make 
the  water  fmqke  continually;  and  over  all  is  to  be 
placed  the  head  as  directed  in  the.procefs. 

The  fize  and  form  of  the  veffel  which  imme- 
diately receives  the  fulphureous  fumes  may  alfo 

0^4  con- 
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contribute  to  increafe  the  quantity  of  the  Acid 
Spirit.  A very  large  veffel,  with  a hole  at  bot- 
tom no  wider  than  is  juft  fufficient  to  admit  the 
vapours,  is  the  propereft  for  this  operation. 

After  the  Sulphur  has  burnt  for  fome  time,  it 
often  happens  that  a fort  of  fkin  or  cruft  rorms  on 
its  furface, which  is  not  inflammable,  but  gradually 
leflens  the  quantity  and  vigour  of  the  flame  as  it 
increafes  in  thicknefs,  and  at  laft  puts  it  quite  out. 
This  cruft  proceeds  from  the  impurities,  and  hete- 
rogeneous uninflammable  particles  contained  in 
the  fulphur.  Care  muft  be  taken  to  remove  it 
with  an  iron  wire  as  faft  as  it  forms. 

Two  quantities  of  Sulphur  may  alfo  be  kept  in 
two  crucibles,  and  heated  alternately.  That  in 
which  the  Sulphur  is  hot  and  melted  may  be  fub- 
ftituted  for  the  other  in  which  the  Sulphur  is  grown 
cold  and  fixed ; becaufe  cold  Sulphur  does  not 
burn  well. 

The  Spirit  of  Sulphur  is  at  firft  pungent  and 
volatile,  becaufe  it  ftill  retains  a fmall  portion  o. 
the  Phlogifton  : but  that  fulphureous  pan  flies 
off,  efpecially  if  the  bottle  in  which  the  Spirit  is 
kept  be  left  for  fome  time  unftopped, 

The  Acid  obtained  from  Sulphur  appears  by  all 
chymical  proofs  perfe&ly  like  that  obtained  from 
Vitriol ; they  differ  in  this  only  that  the  former  is 
the  pureft  ; for  the  Acid  obtained  from  Vitriol 
carries  over  with  it  fome  metallic  parts,  as  we  ob- 
ferved  before,  which  can  never  happen  to  that  ob- 
tained from  Sulphur.  , Al 

If  linen  rags  flipped  in  a folution  or  rixed 
kali  be  expofed  tp  the  fumes  of  burning  brimftone, 
the  Spirit  of  Sulphur  joins  with  the  Alkali,  anc 
therewith  forms  a Vitnolated  Tartar.  1 his  Salt  n 
known  to  be  formed  when  the  rags  grow  itift,  and 
appear  lpangled  with  a vaft  man}1  glittering 
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which  are  nothing  but  little  cryftals  of  the  Salt  we 

are  fpeaking  of. 

When  the  Sulphur  burns  very  gently  and  (lowly 
the  Spirit  that  exhales  from  it  is  fo  much  the  more 
fulphureous  and  volatile  : and  hence  the  Salt  form- 
ed by  the  combination  of  this  Spirit  with  the  Al- 
kali expofed  to  it  in  linen  rags,  as  in  the  above- 
mentioned  experiment,  is  not  at  firft  a Vitriolated 
Tartar;  but  a Neutral  Salt  of  a particular  kind, 
which  is  capable  of  being  decompofed  by  any 
other  Mineral  Acid,  the  fulphureous  Acid  having 
lefs  affinity  than  any  of  the  reft  with  Alkalis.  Neve? 
thelefs  this  Salt  becomes  in  time  a true  Vitriolated 
Tartar,  becaufe  the  fulphureous  part  which  weak- 
ened irs  Acid  eafily  quits  it  and  flies  off. 


PROCESS  VI. 

To  concentrate  the  vitriolic  Acid . 

TAKE  theVitrjolic  Acid  you  intend  to  concen- 
trate, that  is,  to  dephlegmate  and  make 
ftronger:  pour  it  into  a good  glafs  retort,  of  fuch  a 
fize  that  your  quantity  of  Acid  may  but  half  fill  it: 
fet  this  retort  in  the  fand-bath  of  a reverberating 
furnace:  fit  to  it  a receiver  ; lute  it  on,  and  mve  a 
gradual  fire.  There  will  come  over  into  the^ecei- 
ver  a clear  liquor,  the  firft  drops  of  which  will  be 
but  faintly  Acid  : this  is  the  moft  aqueous  part. 

A hen  tne  drops  begin  to  follow  one  another 
much  more  flowly,  raife  your  fire,  till  the  liquor 
begin  to  bubble  a little  in  the  middle.  Keep  it 
thus  gently  boiling,  till  one-half  or  two-thirds 
thereof  be  come  over  into  the  receiver.  Then  let 
your  velfels  cool ; unlute  them;  what  remains  in 
the  retort  pour  into  a cryftal  bottle,  and  flop  it 
exactly  with  a glais  ftopple  rubbed  with  emery, 

QBSER- 
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OBSERVATIONS. 


The  Acid  obtained  from  Sulphur  is  generally 
very  aqueous  ; either  becaufe  in  preparing  it  water 
muft  neceffarily  be  adminiftered,  that  it  may  unite 
therewith  as  it  feparates  from  the  Sulphur  ; or  be- 
caufe it  is  fo  greedy  of  moifture  as  to  attradl  a great 
deal  from  the  air,  which  muft  needs  be  admitted 
to  make  the  Sulphur  burn. 

The  Acid  obtained  from  Vitriol,  excepting  that 
which  rifes  laft,  is  alfo  mixed  with  a pretty  confi- 
derable  quantity  of  phlegm  ; becaufe  the  Vitriol, 
though  calcined,  ftill  retains  a great  deal  thereof, 
which  rifes  with  the  Acid  in  diftillation.  Now,  as 
there  are  many  chymical  experiments  that  will  not 
iucceed  without  Acids  exceedingly  dephlegmated, 
it  is  proper  to  have  in  a laboratory  all  the  Acids 
thus  conditioned  : becaufe  if  they  happen  to  be 
too  ftrong  for  particular  operations,  as  is  fometimes 
the  cafe,  It  is  very  eafy  to  lower  them  to  the  defined 
decree,  by  adding  a fufficient  quantity  of -water. 

The  Vitriolic  Acid  is  much  heavier  and  much 
lefs  volatile  than  water.  II  therefore  a mixture  Ol 
thefe  two  liquors  be  expofed  to  the  fire,  the  aqueous 
part  will  rife  with  a degree  of  heat  which  is  not  abie 
to  carry  up  the  Acid:  by  this  means  they  may 'be 
feparated  from  each  other  : and  thus  is  the  V 1- 

triolic  Acid  concentrated.  _ 

Neverthelefs,  as  this  Acid  combines  mo  ft  cloiely 
with  water,  and  is  in  a manner  ftrongly  connefted 
with  it,  the  water  carries  up  fome  portion  thereoi 
along  with  it } and  hence  it  comes  that  the  liquor 
which  rifes  into  the  receiver  is  Acid  : it  is  called 


Spirit  of  Vitriol. 

As  the  fire  carries  off  the  moft  aqueous  part, 
the  other  which  remains  in  the  retort  mcreaies  m 
fpecific  gravity.  The  Acid  particles  are  brought 
nearer  together,  retain  the  aqueous  particles  more 
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obftinately ; and  therefore  to  feparate  them  the 
degree  of  heat  muft  be  increafed. 

It  is  ufual  to  draw  off  one-half  or  two-thirds  of 
the  liquor  that  was  put  into  the  retort : but  this 
depends  on  the  degree  of  drength  the  Acid  was  of 
beioie  concentration,  and  the  degree  of  concen- 
tration intended  to  be  given  it. 

If  the  Acid  to  be  concentrated  be  Oil  of  Vitriol, 
from  being  brown  or  black  it  grows  clearer  as  the 
operation  advances,  and  at  laid  becomes  perfectly 
colourlefs  and  transparent ; becaufe  the  fat  matter, 
which  tinged  it  black,  is  difllpated  during  the  pro- 
ceis.  Some  of  it  depofites  a white  crydalline  earth. 

, A iulphureous  fmell  is  generally  perceived  about 
tpic  veffels  in  this  operation.  This  arifes  from  a 
fmah  poi  tion  ot  the  Phlogidon  from  which  the 
Acid  is  not  free  ; and  ’tis  this  inflammable  matter 
which  gives  the  Oil  of  Vitriol  its  black  colour* 
for  the  cleared  and  bedre&ified  Oil  of  Vitriol  wili 
become  brown,  and  even  black,  in  a fliort  time,  if 
any  inflammable  matter,  though  in  a very  fmall 
quantity,  be  diflolved  therein. 

1 he  veflels  are  luted  in  this  operation,  to  pre- 
vent any  lofs  of  the  Spirit  of  Vitriol,  which^eing 
ver/  ac;d  isof  ufe  in  many  chymical  experiments, 
and  may  itfelf  alfo  be  again  concentrated. 
i We  obferved  that  in  this  operation  it  is  necef- 
ary  tne  retort  fhould  be  of  very  good  glafs.  In- 
oeec.  the  Acid  is  fo  a&ive  and  fo  drong,  that  if  the 
gi-Js  oe  tender  and  have  a little  too  much  fait  in 
Jts  composition,  it  will  be  lb  corroded  thereby 
that  it  will  fall  to  pieces.  ; 

Though  we  directed  the  retort  to  be  fet  in  a fand- 
bath  for  this  operation,  it  does  not  follow  that  it 
may  not  alfo  be  placed  in  a naked  fire  : on  the  con- 
trary,when  the  heat  is  not  conveyed  through  a bath 
the  operation  advances  falter,  and  is  much  lefs  te- 
dious. But  then  great  caution  mult  be  ufed,  and 

6 the 
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the  clofeft  attention  given  to  the  management  of 
the  fire,  which  muft  be -railed  by  ahnoft  impercep- 
tible degrees,  efpecially  at  the  beginning  of  the 
operation  ; otherwife  it  is  next  to  a certainty  that 
the  veffels  will  break.  In  genera),  a naked  file 
may  be  employed  in  almoft  all  difrillations  which 
require  a greater  degree  of  heat  than  that  of  boil- 
ing water,  or  the  balneum  maria : the  operation  will 
be  fooher  finilhed  ; but  it  requires  an  experienced 
hand,  that  has  by  pra&ice  acquired  a habit  of  go- 
verning the  fire  with  judgment. 

There  is  moreover  another  advantage  in  not 
ufmg  the  fand-bath  j which  is,  that  if  in  the  time 
of  the  operation  you  perceive  the  fire  too  fierce, 
you  can  quickly  check  it,  either  by  flopping  clofe 
all  the  apertures  of  the  furnace,  or  by  drawing  out 
all  or  part  of  the  lighted  coals.  This  inconvenience 
is  not  near  fo  eafily  remedied  when  you  ufe  the 
fand-bath  ; becaufe  when  once  heated  it  retains  its 
heat  very  long  after  the  fire  is  quite  extinguifhed. 


PROCESS  VII. 

<To  deampoje  Vitriolated  tartar  by  means  of  the 
phlogijhn ; or  to  compofe  Sulphur  by  combining  the 
Vitriolic  Acid  with  the  Phlogijlon. 


TAKE  equal  parts  of  Vitriolated  Tartar  and 
very  dry  Salt  of  Tartar,  leparately  reduced 
to  powder  5'  add  an  eighth  part  of  their  weight  of 

charcoal-dulf ; and  mix  the  whole  together  veiy 

accurately.  Throw  this  mixture  into  a red-hot 
crucible,  placed  in  a furnace  filled  with  burning 
loais.  Cover  it  very  clofe,  and  keep  it  very  hot, 
till  the  mixture  melt,  which  may  be  known  by  un- 
covering the  crucible  from  time  to  time.  ^ 
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will  then  appear  a bluifh  flame,  accompanied  with 
a pungent  fmell  of  Sulphur. 

Take  the  crucible  out  of  the  fire  : diilblve  its 
contents  in  hot  water  : filter  the  folution  through 
brown  paper  fupported  by  a glafs  funnel : drop 
into  the  filtered  liquor  by  little  and  little  any  Acid 
whatever.  As  you  add  the  Acid  the  liquor  will  grow 
more  and  more  turbid,  and  let  fall  a grey  precipi- 
tate. Continue  dropping  in  more  Acid  till  the  li- 
quor will  yield  no  more  precipitate.  Filter  it  a fe- 
cond  time,  to  feparate  it  from  the  precipitate : what 
remains  on  the  filter  is  a true  inflammable  Sulphur, 
which  you  may  either  melt  or  fublime  into  flowers. 

OBSERVATIONS . 

All  bodies  that  contain  the  Vitriolic  Acid  may 
contribute,  as  well  as  Vitriolated  Tartar,  to  the  ge- 
neration of  Sulphur  : fo  that  all  the  neutral  Salts 
in  which  this  Acid  is  a principle,  the  Alums,  Sele- 
nites,  Gypfums,  Vitriols,  may  be  fubftituted  for  it 
in  this  experiment.  All  thefe  matters,  with  the  ad- 
dition of  charcoal-duft  onlv,  being  fufed  in  a cru- 
cible,  conftantly  produce  Sulphur;  becaufe  the 
Vitriolic  Acid  having  a greater  affinity  with  the 
Phlogifton  than  with  any  thing  elfe,  will  quit  its 
bafis,  whatever  it  be,  to  join  with  the  Phlogifton 
of  the  charcoal,  and  therewith  form  a Sulphur. 

1 he  fixed  Alkali  added  thereto  helps  to  promote 
the  fufion  of  the  ingredients, which  is  heceiTary  for 
effecting  the  defired  combination.  It  alfo  lerves  to 
unite  with  the  Sulphur,  when  formed  ; and  thus 
makes  the  combination  c.alled  Liver  of  Sulphur , 
which  prevents  the  Sulphur  from  being  confumed 
as  loon  as  formed  : for  the  fixed  Alkalis,  which  are 
incombuftible,  hinder  Sulphur  from  burning  fo 
eafily  as  it  would  do  if  they  were  not  joined  with 
it.  They  may  afterwards  be  feparated  from  each 
other,  by  the  means  of  any  Acid,  whatever. 
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This  procefs,  in  which  Sulphur  is  regenerated, 
by  re-combining  together  the  principles  of  which 
it  was  originally  compofed,  is  one  of  the  moll 
beautiful  experiments  that  modern  Chymiftry  hath 
produced.  We  are  indebted  for  it  to  M.  Stahl ; 
and  Dr.  Geoffrey  hath  given  a particular  account 
of  it  in  the  Memoirs  of  the  Academy  of  Sciences. 

Before  thefe  gentlemen  Glauber  and  Boyle  had 
indeed  publifhed  methods  of  producing  Sulphur. 
Glauber  made  ufe  of  his  Sal  mirabile  and  powdered 
charcoal : Boyle  employed  the  Vitriolic  Acid  and 
Oil  of  Turpentine.  But  neither  of  thofe  Chymifts 
underftood  the  true  theory  of  their  operations : 
they  did  not  thoroughly  know  the  principles  of 
Sulphur:  they  did  not  imagine  they  had  compoied 
Sulphur;  they  thought  they  only  extracted  what 
they  fuppofed  to  exift  previoufty  in  the  matters 
they  employed  in  their  experiments. 

M.  Stahl  was  the  firft  who  difeovered  and  ex- 
plained the  nature  of  Sulphur,  and  proved  that  in 
Glauber’s  and  Boyle’s  experiments  Sulphur  was 
aftually  produced,  by  uniting  together  the  princi- 
ples of  which  it  is  conflicted.  This  beautiful  ex- 
periment gives  the  ftrongeft  luftre  of  evidence  to 
the  theory  of  the  compofition  of  that  mixt,  which 
afts  fuch  a capital  part  in  Chymiftry  ; and  it  can 
no  longer  be  doubted  that  Sulphur  is  adlually  a 
combination  of  the  Vitriolic  Acid  with  the  Phlo- 


Befides  this  important  truth,  our  process  for 
compofing  Sulphur  by  art  proves  feveral  others 
that  are  equally  eflential  and  fundamental. 

The  fir  ft  is  that  the  Vitriolic  Acid  hath  a greater 

affinity  with  thePhlogifton  than  with  any  other  thing, 

feeing  it  quits  metallic  and  earthy  fubftances,  as  well 
as  Alkaline  falts,  in  order  to  combine  therewith 
Thefecond  is  that  Sulphur  combines  with  fixed 
Alkalis  without  fuffering  any  decompofition ; leein_g 
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it  may  be  feparated  from  them  entire  and  unaltered ; 
and  feeing  that  very  Sulphur,  which  is  naturally  in- 
diffoluble  in  water,  is  rendered  foluble  therein  bv 
t the  union  it  hath  contra&ed  with  the  fixed  Alkali. 

The  third  is  that  the  Vitriolic  Acid,  which  when 
it  is  pure  hath  the  greateft  affinity  with  Alkalis  of 
any  Acid  whatever,  lofes  a great  deal  of  that  affinity 
by  contracting  an  union  with  the  Phlomfton  ; fee- 
ing the  weakeft  Acids  are  capable  of  decompofino- 
' the  Liver  of  Sulphur,  and  feparating  the  Sulphur 
.from  the  Alkali.  And  this  alfo  confirms  one  of  the 
general  propolitions  concerning  affinities  advanced 
m our  theory  ; to  wit,  that  the  affinities  of  com- 
pound or  mixed  fubftances  are  weaker  than  thofe  of 
Jie  fame  fubftances  in  a purer  and  more fimpleftate. 


CHAP.  II. 

Of  the  Nitrous  Acid. 


PROCESS  I. 

extract  Nitre . out  of  nitrous  Earths  and  Slones. 
XMagneJi^Catl°n  ^ Petre'  Mother  of  Nitre. 

Take  any  quantity  of  nitrous  earth's  or  ftones- 
1 educe  them  to  powder  ; and  therewith  mix 

i“<re  d Pu - rf  t1e  a!hcs  of  greer>-wood  ami  quick- 
HI,  . put  this  mixture  into  a barrel  or  vat,  and 

■ pour  on  it  not  water  to  about  twice  the  weidit  0f 

■he  Whole  rnafs.  Let  it  [fond  thus  for  twenty-four 

'hours  furring,  it  from  time  to  time  witli  abide 

II  ht  n filter  the  liquor  through  brown  paper, or  pa fs 

through  a flannel  bag,  till  it  come  clear  • it  will 

■Un  have  a yeliowilh  colour.  Boil  this  lie  nor  ,rrl 

tvaporate  till  you  perceive  that  a drop  of fall 

Oil 
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on  any  cold  body  coagulates.  Then  ftop  the  eva- 
poration, and  fet  your  liquor  in  a cool  place.  In 
the  fpace  of  four-and-twenty  hours  cryltals  will 
be  formed  in  it,  the  figuremf  which  is  that  of  an 
hexagonal  prifm,  having  its  oppohte  planes  gene- 
rally equal,  and  terminated  at  each i extremity  y ' 
pyramid  of  the  fame  number  of  lides.  Thde 
cryftals  will  be  of  a browmfh  colour,  and  della- 

grate  on  a live  coal.  . • 

8 Decant  the  liquor  from  thefe  cryftals ; mix  it 
with  twice  its  weight  of  hot  water ; evaporate 
and  cryftallize  as  before.  Repeat  the  fame  Gy- 
ration till  the  liquor  will  yield  no  more  cryftata  . 
it  will  then  be  very  thick,  and  goes  by  the  name 
of  Mother  of  Nitre. 


O BSERVAflONS. 


Earths  and  (tones  that  have  been  impregnated 
with  animal  or  vegetable  juices  fufcepuble  of  pu- 
trefaction, and  have  been  long  expoled  to  the  air, 
but  (heltered  from  the  fun  and  ram  are  tho.e 
which  yield  the  greateft  quantity  o(  Niue.  B 
ail  forts  of  earths  and  Hones  are  not  equally  fit 
produce  it.  None  is  ever  found  m flints  or  lands 

°f  Some^arths  “Tftones  abound  fo  with  Nitre, 
that  it  efflorefees  fpontaneoufly  on  their  fu' five, 

- the  form  of  a cryftalline  down.  This  . 
may  be  collected  with  brooms,  and  according^ 
has  the  name  of  Salt  Peter  Sweepings.  Some  of 

„3X  St  «*'*•  <s*SXt 

with  vegetable  or  animal  j uices,  conclude 
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concluded  thofe  two  kingdoms  to  be  the  general 
repofitories  of  the  Nitroris  Acid ; that  if  we  do  not 
perceive  it  to  e’xift  in  fuch  matters  at  all,  or  at  lead: 
in  any  great  quantity,  till  they  have  undergone  pu- 
trefaction, arid  are  in  fotne  meafure  incorporated 
with  fuitable  earths  and  ftones,  ’tis  becaufe  the  Acid 
is  fo  entangled  with  heterogeneous  particles  that  it 
requires  the  afliftance  of  putrefaction,  and  much 
more  of  filtration  through  an  earth,  todifengage  it, 
.and  enable  it  to  appear  in  its  proper  nature. 

Laftly,  others  are  of  opinion  that  this  Acid  is  no 
other  than  the  univerfal  or  Vitriolic  Acid  pdifguifed 
indeed  by  a portion  of  the  Phlogifton,  which  is  com- 
bined with  it  in  a peculiar  manner  by  the  means  of 
putrefaction.  They  ground  this  opinion  chiefly 
on  the  analogy  or  refemblance  which  they  find  be- 
tween the  Nitrous  Acid  and  the  Volatile  Sulphure- 
ous Spirit.  Its  volatility, , its  pungent  fmell,  its 
[properties  of  taking  fire,  and  of  deftroying  the  blue 
"and  violet  colours  of  vegetables,  ferve  them  as  fo 
[many  proofs. 

Their  opinion  is  the  more  probable  on  this  ac- 
count, that  even  though  the  Nitrous  Acid  fhould 
[actually  be  produced  by  vegetable  and  animal  fub- 
l lances,  yet  as  thefe  fubftances  themfelves  draw  all 
:heir  component  principles  from  the  earth,  and  aS 
the  Vitriolic  Acid  is  diffufed  through  all  the  foils 
| which  afford  them  nourifhment,  there  is  great  rea- 
son to  think  that  the  Nitrous  Acid  is  no  other  than 
he  Vitriolic  Acid  altered  by  the  changes  and  com- 
binations it  hath  undergone  in  its  paffage  into  and 
h rough  thofe  fubftances.  In  1750  the  Royal  Aca- 
demy of  Sciences  at  Berlin  propofed  an  account  of 
he  generation. of  Nitre  as  the  fubjeCt  for  their 
orize,  which  was  conferred  on  a Memoir  wherein 
his  laft  opinion  was  Supported  by  fome  new  and 
■ery  judicious  experiments* 

The 
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The  procefs  by  which  our  Salt-petre  makers  ex- 
tract Nitre  in  quantities,  out  of  rubbiffi  and  nitrous 
earths,  is  very  nearly  the  fame  with  that  here  let 
down:  fo  that  I ihall  not  enter  into  a particular 
account  of  it.  I fhall  only  take  nonce  of  one  thing, 
which  it  is  of  fome  confequence  to  know;  namely, 
that  there  is  no  nitrous  earth  which  does  not  con- 
tain  fea-falt  alfo.  The  greateft  quantities  of  this 
fait  are  to  be  found  in  thofe  earths  which  hav 
heen  drenched  with  urine,  or  other  animal  excre- 
ments Now  as  the  rubbilh  of  old  houfes  in  great 
cities  is  in  this  clals,  it  comes  to  pafs  that  when  the 
Salt-petre  workers  evaporate  a nitrous  lixivium- 
drawn  from  that  rubbifh,  as  foon  as  the  evapora- 
tion is  brought  to  a certain  pitch,  a.  great  many 
little  cryftals  of  fea-falt  form  in  the  liquor,  and  fall 

to  the  bottom  of  the  veil  el.  - 

The  Salt-petre  workers  in  France  call  thefe  fa  in 
particles  the  Grain,  and  take  great  care  m feparate 
rhpin  from  the  liquor,  (which  as  long  as  it  continues 
hot  keeps  the  falt-petre  dhfolved)  before  they  let  it 
to  cryftallize.  This  fad  feems  a little  ungular,  con- 
fidering  that  fca-falt  diffplves  in  water  more  cafUy 
than  falt-petre,  and  cryftallizes  with  more  difficulty. 

In  o dor  to  difcover  the  caufe  of  this  phenomenon, 
J “ ° ft  recoiled  fome  truths  delivered  in  our  theo- 
^ticaVElemen ts . The  firft  is,  that  water  can  keep 
h r a determinate  quantity  of  any  fait  in  folution, 
n d that  if  water  fully  faturated  with  a fait  be  evapo* 
rated , a quantity  of  fait  will  cryftallize  in  proportion 

f-hpmiantitv  of  water  evaporated.  Theiecon  * 

that  thofe  falts  which  are  the  moft  foluble  jn  water 
particularly  thofe  which  run  in  the sair^ wi  ^ 

Is  01f  of  the  firft  fore  and  falt-petre  of  the  feconc 
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the  reafon  why  fea-falt  precipitates  in  the  prepara- 
tion of  falt-petre  appears  at  once.  For- 
When  the  lcxlu  tion  of  falt-petre  and  fea-falt  comes 
to  be  evaporated  to  fuch  a degree  that  it  contains  as 
much  fea-falt  as  it  poftibly  can,  this  fait  mull  begin 
to  cryftallize,  and  continue  to  do  fo  gradually  as 
the  evaporation  advances.  But  becaufe  at  the  fame 
time  it  does  not  contain  as  much  falt-petre  as  it  can 
hold, feeing  it  iscapable  of  diftolvingamuch  greater 
quantity  thereof  when  it  is  boiling  hot  than  when 
it  is  cold,  this  lad  named  fait  will  not  cryftallize  lb 
foon.  If  the  evaporation  were  continued  till  the 
cafe  of  the  falt-petre  came  to  be  the  fame  with  that 
of  the  fea-falt,  then  the  falt-petre  alfo  would  begin 
to  cjyftallize  gradually  in  proportion  to  the  water 
evapotated,  and  the  two  falts  would  continue  cryf- 
; talJizing  promifcuoufty  together:  but  it  is  never 
carried  fo  far ; nor  is  it  ever  neceffary;  for  as  the 
water  cools  it  becomes  more  and  more  incapable 
or  holding  in  folution  the  fame  quantity  of  falt- 
petre  as  when  it  was  boiling  hot.  * 

And  then  comes  the  very  reverfe,  with  regard  to 
f the  cryftallizing  of  the  two  falts ; for  then  the  Salt- 
i petre  /hoots,  and  not  the  Sea-falt.  The  reafon  of 
J this  fa6t  alfo  is  founded  on  what  has  juft  been  faid. 
The  Sea-falt,  of  which  cold  water  will  diftolve  as 

■ ynuch  as  boiling  water,  and  which  owed  its  cryftal- 

°re  onlY  to  fhe  evaporation,  now  ceafes  to 
ciyltalhze  as  foon  as  the  evaporation  ceafes ; while 
the  Salt-petre,  which  the  water  kept  diffolved  only 

■ becaufe  it  was  boiling  hot,  is  forced  to  cryftallize 
; merely  by  the  cooling  of  the  water. 

When  the  folution  of  Sak-petre  has  yielded'  as 
r ™afiy  cryftals  Of  that  Salt  as  it  can  yield  by  cooling 
;it  1S.  aoam  evaporated,  and  being  then  fufftred  to 
• cool  yields  more  cryftals.  And  thus  they  continue 
evaporating  and  cryftallizing,  till  the  liquor  will 
afford  no  more  cryftals.  It  is  plain  that  as  the  Salt- 
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petre  cryftallizes,  the 'proportion  of  Sea-falt  to 
the  diffolving  liquor  mcreales;  and  as  a certai  . 
quantity  of  water  evaporates  alfo  during  the  time 
employed  in  cryftallizing  the  Salt-petre,  a quantity 
of  Sea-falt,  proportioned  to  the  watei  fo  e™P  ' 
;nt,  muft  cryftallize  in  that  time : and  this  is  the 
realon  why  Salt-petre  is  adulterated  with  atrnxtme 
of  Sea-falt.  It  likewife  follows  that  laft  cryft . 
of  Nitre  obtained  from  a lolution  of  Salt-petre 
and  Sea-falt,  contain  much  more  Sea-falt  than  the 

firft. 
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From  all  that  has  been  ^id  concerning;the  cryf 

tallization  of  Salt-petre  and  Sea-falt,  it  .s^eaiy 

deduce  the  proper  way  of  purify  in 

thefe  two  Salts  from  a ~ For 

,ht  m«w.  z 

i;«  ss. *** 

'SSp,™  under  fi.our  of*.  ...por.nnn,  .be 

lefe  diitolred  in  *.!.,»  d»>  eel 

to  yield  any  more  nitrous  cryitals. 

As  them  is  therefore  a much  greater  quantity  o 

* it  Jr re than  of  Sea-falt  in  this  fecond  folution,  i 
Salt-petre  than  ot  oca  de„ree  that  a grea 

d ei of  SalTpetre  Ihall  cryftallize,  while  much  mor 

S wlCft  necefflrily  be. evaporated  befor 

anv  of  the  Sea-falt  will  cryftallize.  . 

However  the  Salt-petre  is  not  yet  entirely  free 
V S mature  of  Sea-falt  by  thisfirft  punficatioi 
f The  crvftals  obtained  from  this  liquor,  ic i whi< 
tjj  rJlJ  is  dtffolved,  are  ftill  encrufted,  and  as 
were,  infeSed  therewith : hence 
refine  the  Salt-petre  thoroughly,  idiefe  cry 
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petre  of  the  firft,  fecond,  or  third  (hoot,  according 
to  the  number  of  cryftallizations  it. has  undergone. 
But  their  beft  refined  Salt-petre,  even  that  of  the 
third  fhooting,  is  not  yet  fufficiently  pure  for  Chy- 
mical  experiments  that  require  much  accuracy: 
fo  that  it'muft  be  further  purified;  but  (till  by  the 
fame  method. 

The  Nitrou-s  Acid  is  not  pure  in  the  earths  and 
(tones  from  which  it  is  extracted.  It  is  combined 
partly  with  the  very  earth  in  which  it  is  formed,  and 
partly  with  the  Volatile  Alkali  produced  by  the  pu- 
rrefa&ion  of  the  vegetable  or  animal  matters  that 
concurred  to  its-generation.  A Fixed  Alkali  and 
.Quick-lime  are  added  to  the  lixivium  of -a  nitrous 
earth,  in  order  to  decompofe  the  nitrous  Salt  form- 
ed in  that  earth,  and  to  feparate  the  Acid  from  the 
Volatile  Alkali  and  the  abforbent  earth  with  which 
t is  united:  thence  comes  that  copious  fediment 
which  appears  in  the  lye  at  the  beginning  of  the 
waporation.  Thefe  matters  form  with  that  Acid 
i true  Nitre,  much  more  capable  than  the  original 
Nitrous  Salts  of  cryftallization,  detonation,  and  the 
other  properties  which  are  eflential  thereto.  The 
oafs  of  Nitre  is  therefore  a Fixed  Alkali  mixed 
•with  a little  lime. 

The  Mother  of  Nitre,  which  will  yield  no  more 
cryftals,  is  brown  and  thick  : by  evaporation,  over 
t fire  it  is  further  infpiftated,  and  becomes  a dry, 
olid  body  ; which  however  being  left  to  itfel.f  foon 
pves,  and  runs  into  a liquor.  This  water  ftill  con- 
• ains  a good  deal  of  Nitre,  Sea-falt,  and  the  Acids 
>f  thefe  Salts  united  with  an  abforbent  earth.  It 
'ontains  moreover  a great  deal  of  a fat,  vifcid  mat- 
er, which  prevents  it  cryftallizing. 

All  faline  folutions  in  general,  after  having  yield- 
d a certain  quantity  of  cryftals,  grow  thick,  and 
efufe  to  part  with  any  more,  though  they  ftill  con- 
ain  muchSalt.  They  are  all  called  Mother-wat^s^s 
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well  as  that  which  hath  yielded  Nitre.  The  Mo- 
ther-waters of  different  Salts  may  prove  the  fubjecls 
of  curious  and  ufeful  enquiries. 

If  a Fixed  Alkali,  be  mixed  with  the  Mother  of 
Nitre, a copiouswhite  precipitate  immediately  falls, 
which  being  collected  and  dried  is  called  Magnefia . 
This  precipitate  is  nothing  but  the  abforbent  eaith 
that  was  united  with  the  Nitrous  Acid,  together 
with  a good  deal  of  the  lime  that  was  added,  and 
was. alfo  united  with  that  Acid,  from  which  they 
are  now  fe.parated  from  the  b txed  Alkali,  according 
to  the  ufual  laws  of  affinities. 

1 The  Vitriolic  Acid  poured  upon  Mother  of  N 1- 
tre  caules  many  Acid  vapours  to.  rile  which  are 
a compound  of  the  nitrous  and  marine  Acids,  that 
is,  an  Aqua  regia.  On  this  occafion  alfo  there  falls 
a barge  quantity  of  a white  powder,  which  is  Fill 
called  Magnefta  ; yet  it  differs  from  the  former  in 
that  it  is  not,  like  it,  a pure  abforbent  earth,  but 
combined  with  the  V ltrioiic  Acid. 

An  Aqua  regis  may  a’lfo  be  drawn  from  nitrous 
earths  by  the  force  of  fire  only,  without  the  help 
pf  any  additament. 

- . - am  1 

PROCESS  II. 

decmpoje  Nitre  by  means  of  the  Phiogifon.  At- 
trefixed'by  Charcoal.  Ciyiius'0/  Nitre . Sal  I o- 
lychreffum. 

rnr'VAKE  the  pure  ft  Salt-  pet-re  in  powder;  put  it 
into,  a large  crucible,  which  it  may  but  half 
fill  * fet  the  crucible  in  a common  furnace,  and  fur- 
round  it  with  coals.  When  it  ys  red-hot  the  Nitre 
will  melt,  and  become  as  fluid  as /water.  1 her 
throw  into  the  crucible  a frriall  quantity  of  charcoa. 
duff*  the  Nitre  and  the  charcoal  will  immediately 
deflagrate  with  violence;  and  a great  commotion  wd 
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be  railed,  accompanied  with  aconfiderable  hifling, 
and  abundance  of  black  ftnoke.  ..As  the  charcoal 
wakes,  the  detonation  will  abate,  and  ceafe  entirely 
as  foon  as  the-coal  is  quite  con  fumed. 

Then  throw  into  the  crucible  the  fame  quantity 
-of  charcoal-duft  as  before,  and  the  fame  phenomena 
will  be  repeated.  Let  this  coal  alfo  be  confirmed  ; 
then  add  more,  and  go  on  in  the  fame  manner  till 
you  can  excite  no  further  deflagration ; always  ob- 
ferving  to  let  the  burning  coal  be  entirely  confum- 
ed  before  you  add  any  frefh.  When  no  deflagration 
enfues,  the  matter  contained  in  the  crucible  will 
have  loft  much  of  its  fluidity. 

OBSERVATIONS. 

Nitre  will  not  take  fire,  unlefs  the  inflammable 
matter  added  to  it  be  adtually  burning,  or  the  Nitre 
-itfelf  red-hot,  and  fo  thoroughly  ignited  as  imme- 
diately to  kindle  it.  Therefore,  if  you  would  pro- 
cure the  detonation  of  Nitre  with  charcoal,  and 
make  ufe  of  cold  charcoal,  as  in  .the  procefs,  the 
Nitre  in  the  crucible  muft  be  red-hot,  and  in.  per- 
fect fufion : but  you  may  alfo  ufe  live  coals,  and 
then  the  Nitre  need  not  be  red-hot. 

It  is  proper  that  the  crucible  ufed  in  this  experi- 
ment fhould  be  only  half  full ; for  during  the  deto- 
nation its  contents  fwell,  and  might  run  over  with- 
out this  precaution.  For  the  fame  reafon  the  char- 
coal-duft is  to  be  thrown  in  by  little  and  little; 
and  that  firft  put  in  muft  be  entirely  confumed 
before  any  'frefh  be  added. 

The  matter  remaining  in  the  crucible  after  the 
# operation  is  a. very  ftrong  Fixed  Alkali.  Being  ex- 
pofed  to  the  air  it  quickly  attracts  the  moifture  there- 
of, and  runs  into  a liquor.  It  is  called  Alkalixated 
Nitre , or  to  diftinguifh  it  from  Nitre  alkalizated  by 
other  inflammable  matters,  Nitre  fixed  by -charcoal. 

R 4 However, 
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However,  this  Alkali  is  not  abfolutely  pure.  It 
Hill  contains  a portion  of  the  Nitre  that  hath  not 
been  decompofed  : for  when  there  remains  but  a 
little  of  this  Salt  mixed  with  a great  quantity  of  Al- 
kali, which  is  not  inflammable,  the  Alkali  in  fome 
meafure  fhelters  it,  coats  it  oyer,  and  obftru&s  that 
immediate  contact  with  the  inflammable  matters 
applied,  which  is  neceflfary  to  make  it  deflagrate. 

If  the  Fixed  Alkali  be  defined  perfeftly  free  from 
any  mixture  of undecompofed  Nitre,  the  fire  about 
the  crucible  mult  be  confiderably  increafed  as  foon 
£s  the  detonation  i§  entirely  over  $ the  matter  mult 
be  made  to  flow,  which  requires  a much  ltronger 
heat  than  would  meltNitre,  and  kept  thus  in  fufion 
for  about  an  hour.  After  this  no  perfedrNitre  will 
be  found  therein  : for  the  little  that  was  left,  being 
unable  to  abide  the  force  of  the  fire,  as  not  being 
extremely  fixed,  either  is  entirely  difiipated,  or 
lofes  its  Acid,-  which  is  carried  off  by  the  violence 
of  the  heat.  • 

Fixed  Nitre  contains  alfo  a portion  of  the  earth 
that  confirmed  the  ba'fis  ot  the  Nitre,  which  is  no 
other  than  the  lime  employed  in  its  cryftallization, 
pr  elfe  fame  af.the  earth  with  which  its  Acid  was  ori- 
ginally combined,  and  which  it  retained  in.  cry  flail  iz- 
ing.  When  Nitre  is  deflagrated  with  fuch  matters 
.as  producer. afhes,  thefe  allies  likewife  fq.rni.fh  a cer- 
tain quantity  of  earth,  which  mixes  with  the  Fixed 
Alkali.  To  feparate. thefe  feveral  earths  from  the 
Alkali,  nothing  more  is  requiflte  than  to  let  it  run 
per  deliquhim , or  to  difl'olve  it  in  water,  and  filter 
the  folution  through  brown  paper.  Whatever  is 
faline  will  pafs  through  the  filtre  with  the  water, 
and  the  earthy  part  will  be  left  upon  it. 

The  Nitrous  Acid  is  not  only  diflipated  during 
the  deflagration  of  the  Nitre,  but  is  even  deflroyed, 
and  perfe&iy  decompofed.  The  imoke  that  riles 

during  the  operation  has  not  the  leafl:  odour  qf 

1 i * ■*  * ’ . *•  ' . "l  an 
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.m  Acid.  Its  nature  may  be  accurately  examined 
by  catching  it  in  proper  vefiels,  and  condenfing 
it  into  liquor. 

Nitre  differs  from  Sulphur,  and  from  all  other  in- 
flammable bodies  whatever,  in  this,  that  the  free  ac- 
cefs  of  the  air  isindifpenfably  neceflary  to  make  any 
of  the  others  burn ; whereas  Nitre,  and  Nitre  only, 
is  capable  of  burning  in  clofe  vefiels : and  this  pro- 
perty furnifhes  us  with  the  means  of  collecting  the 
yapours  which  it  difcharges  in  deflagration. 

For  thispurpofe  to  a tubulated  earthen  retort  you 
muft  fit  two  or  three  large  adopters : fet  the  retort 
in  a furnace ; and  under  it  make  a fire  fufficient  to 
keep  its  bottom  moderately  red.  Then  take  a final] 
quantity,  two  or  three  pinches  for  example,  of  a 
mixture  of  three  parts  of  nitre  with  one  of  char- 
coal-duff, and  drop  it  into  the  retort  through  its 
tube,  which  muff  be  uppermoft,  and  immediately 
flopped  clofe.  A detonation  inllantly  enfues,  and 
the  vapours  that  rife  from  the  inflamed  mixture  of 
Nitre  and  charcoal,  palling  out  through  the  neck 
of  the  retort  into  the  adopters,  circulate  therein  for 
a while,  and  at  laff  condenfe  into  a liquor. 

When  the  detonation  is  over,  and  the  vapours 
condenfed,  or  nearly  fo,  drop  into  the  retort  ano- 
ther equal  quantity  of  the  mixture ; and  repeat  this 
till  you  find  there  is  liquor  enough  in  the  recipients 
to  be  examined  with  eafe  and  accuracy.  This  liquor 
is  almoff  infipid,  and  fhews  no  tokens  of  acidity; 
or  at  molt  but  very  flight  ones.  It  is  called  Clyffus 
of  Nitre. 

I t is  eafy  to  perceive  why  feveral  adopters  are  re- 
quired in  this  experiment,  and  why  a very  fmall 
quantity  of  the  mixture  muff  be  introduced  into  the  * 
retort  at  once.  The  explofion,  and  the  quantity  of 
air  and  vapours  difcharged  on  this  occafion,  would 
quickly  bur fb  the  vefiels,  if  all  thefe  precautions 
>vcie  not  attended  to.  I his  plainly  appears  from 

•'  the 
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the  terrible  effects  of  gunpowder,  which  is  nothing 
but  a compofitioh  of  Nitre,  Sulphur,  and  Charcoal. 

Nitre  is  alfo  decompofed  and  takes  fire  by  the 
means  of  Sulphur;  but  the  circumftances  and  the 
refu! t differ  widely  from  thole  produced  therewith 
by  charcoal,  or  any  other  inflammable  body. 

Nitre  deflagrates  with  Sulphur  on  account  of  the 
Phlogifton  which  the  latter  contains.  If  one  pan 
of  Sulphur  be  mixed  with  two  or  three  parts  of  Ni- 
tre, and  the  mixture  thrown  by  little  and  little  into 
a red-hot  crucible,  upon  every  projedtion  there  arifes 
a detonation  accompanied  with  a vivid  flame. 

The  vapours  difeharged  on  this  occafion  have 
the  mingled  fmell  of  a Sulphureous  Spiri  t and  Spi- 
rit of  Nitre  and  if  they  be  collected  by  means  Of 
a tubulated  retort,  and  fitch  an  apparatus  of  veffels 
as  was  ufed  in  the  preceding  experiment,  the  liquor 
contained  in  the  recipients  is  found  to  be  an  adtual 
mixture  of  the  Acid  of  Sulphur,  the  Sulphureous 
Spirit,  and  the  Acid  of  Nitre;  the,  firft  being  in 
greater  quantity  than  the  other  two,  and  the  fe- 
cond  greater  than  the  laft. 

Nor  is  the  remainder  after  detonation  a Fixed 
Alkali,  as  in  the  former  experiments;  but  a Neu- 
tral Salt,  confiding  off  the  Acid  of  Sulphur  com- 
bined with  the  Alkali  of  Nitre;  a fort  of  Vitnolated 
Tartar  known  in  medicine  by  the  name  of  Sal 
■ Pc/lychrejlum. 

There  are  evidently  two  effential  differences  be- 
tween this  laft  experiment  and  the  preceding  one. 
What  remains  after, the  deflagration  of  Nitre  with 
Sulphur  is  not  a fixed  Alkali : and  moreovei,  the 
vapdurs  emitted  in  the  operation  are  impregnated 
with  a quautityof  the  Nitrous  Acid;  which  is  not  the 
cafe  when  Nitre  is  decompofed  by  any  other  inflam- 
mable matter  which  contains  no  Vitriolic  Acid. 

The  reafon  off  thefe  differences  is  naturally  deduct- 
ible from  what  hath  been  already  faid  concerning  the 

properties 
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properties  of  the  Vitriolic  and  Nitrous  Acids.  We 
have  feen  that  by  burning  Sulphur  its  Acid  is  hot 
decompofed,  but  only  feparated  from  its  Plogifton. 
We  alio  know  that  its  Acid  has  a great  affinity  with 
Fixed  Alkalis.  Thefe  things  being  granted,  it  fol- 
lows that,  as  loon  as  the  Nitrous  Acid  quits  its  Alka- 
line bafis,  by  deflagrating  with  the  Phlogillonof  the 
Sulphur,  the  Acid  of  this  very  Sulphur,  being  fet 
at  liberty  by  that  deflagration,  m-ult  unite  with  the 
Alkaline  bafis  deferted  by  the  Acid  of  Nitre,  and 
therewith  form  a Neutral  Salt.  Hence,  inltead  of 
a Fixed  Alkali,  we  find  at  the  end  of  the  operation 
a fort  of  Vitriolated  Tartar ; the  Acids  of  Sulphur 
and  of  Vitriol  being  the  fame,  as  is  evident  from 
what  hath  been  above  fa  id  concerning  them. 

m order  to  difeover  the  caufe  of  the  other  pheno- 
menon, we  muff  recolleel  two  things  advanced  in 
our  Elements  of  the  Theory;  to  wit,  that  the  af- 
finity of  the  Vitriolic  Acid  with  Fixed  Alkalis  is 
greater  than  that  of  the  Nitrous  Acid ; and  again, 

that  theNitrousAcid  is  not  capable  ofcombiming  and 

taking  fire  with  the  Plogifton,  but  when  it  is  in  the 
form  of  a Neutral  Salt,  that  is,  when  it  is  United 
with  fome  alkaline,  earthy,  or  metallic  bafis.  If 
thofe  two  principles  be  applied  to  the  effedti-n  quef- 
tion,  the  folution  is  eafy  and  natural.  For,  in  the 
deflagration  of  Nitre  with  Sulphur,  the  Phlogifton 
is  not  the  only  fubftance  capable  of  feparatitig  the 
Nitrous  Acid  from  its  bafis:  the  Acid  of  the  Sulphur, 
more  and  more  of  which  is  fet  at  liberty  as  the  Phlo- 
gnt;)n  is  confumed,  is  alfo  capable  of  producing 
the  fame  effect;  but  with  this  difference,  that  the 
portion  of  the  Nitrous  Acid  which  is  detached  from 
us  Alkali  by.  the  Phlogifton  is  at  the  fame  inftant 
let  on  fire  and  decompofed  by  that  union  ; where- 
as  the  portion  thereof  which  is  feparated  by.  the 
V itriolic  Acid,  being  when  fo Separated  incapable 
of  uniting  with  the  Phlogifton,  and  'of  confuming 

there- 
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threwith,  is  preferved  entire,  and  rifes  in  vapours, 
together  with  that  portion  of  the  Vitriolic  Acid 
which  could  not  unite  with  the  bafis  of  the  Nitre. 


PROCESS  III. 

L o decompqfe  Nitre  by  means  of  the  Vitriolic  Acid . 
Phe  Smoking  Spirit  of  Nitre.  Sal  de  duobus. 
*The  Purification  of  Spirit  of  Nitre. 

TAKE  equal  parts  of  well  purified  Nitre  and 
.GreenVitriol : dry  the  Nitre  thoroughly,  and 
bruife  it  to  a fine  powder.  Calcine  the  Vitriol  to 
rednefs  : reduce  it  likewife  to  a very  fine  powder  ; 
and  mingle  thefe  two  fubftances  well  together.  Put 
the  mixture  into  an  earthen  long-neck,  or  a good 
glafs  retort  coated,  of  fuch  a fize  that  it  may  be 
but  half  full. 

Set  this  veffel  in  a reverberating  furnace  covered 
with  its  dome ; apply  a large  glafs  receiver,  having 
a fmali  hole  in  its  body,  flopped  with  a little  lute. 
Let  this  receiver  be  accurately  luted  to  the  retort 
with  the  fat  lute,  and  the  joint  covered  with  a flip 
of  canvas  fmeared  with  lute  made  of  quicklime  and 
the  white  of  an  egg.  Heat  the  veffels  very  gra- 
dually. The  receiver  will  foon  be  filled  with  very 
denfe  red  vapours,  and  drops  will  begin  to  diftil 
from  the  nofe  of  the  retort. 

Continue  the  diftillation,  increafing  the  fire  a lit- 
tle when  you  obferve  the  drops  to  follow  each  other 
but  flowly,  lo  that  above  , two  thirds  of  a minute 
pafifes  between  them ; and,  in  order  to  let  out  the 
redundant  vapours,  open  the  lmall  hole  in  the  re- 
ceiver from  time  to  time.  Towards  the  end  of  the 
operation  rail'e  the  fire  fo  as  to  make  the  retort 
red.  When  you  find  that,  even  when  the  retort  is 
red-hot,  nothing  more  comes  over,  unlute  the  re- 
ceiver, and  without  delay  pour  the  liquor  it  con- 
tains 
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tains  into  a cryftal  bottle,  and  dole  it  with  a cryftal 
iloppie  ground  in  its  neck  with  emery.  This  liquor 
will  be  of  a reddifh  yellow  colour,  fmoking  ex- 
ceedingly, and  the  bottle  containing  it  will  be  con- 
ftantly  filled  with  red  fumes  like  thofe  obferved  in 
the  receiver. 

OBSERVATIONS. 

T he  Vitriolic  Acid  having  a greater  affinity  with 
Fixed  Alkalis  than  with  any  other  fubftance,  the 
P’nlogifton  excepted,  and  being  in  the  Vitriol  united 
with  a ferruginous  bafis,  will  naturally  quit  that  ba- 
lls to  join  with  the  Fixed  Alkali. of  the  Nitre ; the 
Acid  whereof  being  weaker  than  the  Vitriolic,  as 
we  have  already  obfervod  on  feveral  occafions,  muft 
needs  be  thereby  expelled  from  its  bafis.  The  Ni- 
tre therefore  is  decompofed  by  the  Vitriol,  and  its 
Acid  being  fet  at  liberty,  is  carried  up  by  the  force 
of  the  fire. 

Indeed  the  Njtrous  Acid,  being  thus  feparated 
from  its  alkaline  bafis,  might  be  expe&ed  to  com- 
bine with  the  ferruginous  bafis  of  the  Vitriol : but 
as  it  has,  like  all  other  Acids,  much  lefs  affinity 
with  Metallic  fubftances  than  with  Alkalis,  even  a 
moderate  degree  of  fire  is  fufficient  to  feparate.  it 
from  them.  Moreover,  this  Acid  hath  either  no 
effeft,  or  very  little,  upon  iron  that  has  loft  much 
of  its  Phlogifton  by  contracting  an  union  with  any 
Acid;  which  is  the  cafe  of  the  ferruginous  bafis 
of  Vitriol.  ' & 

By  the  procefs  here  delivered  a very  ftrong,  per- 
fectly dephlegmated,  and  vaftly  fmoking  Spirit  of 
Nitre  is  obtained.  If  the  precautions  of  drying 
the  Nitre  and  calcining  the  Vitriol  be  neglected^ 
the  Acid  that  comes  over,  greedily  attracting  the 
water  contained  in  thefe  falts,  will  be  very  aqueous, 
will  not  fmoke,.  and  will  be  almoft  colourlefs,  with 
a very  flight  tinge  of  lemon, 
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The  fumes  of  highly  concentrated  Spirit  of  Ni- 
tre, fuch  as  that  obtained  by  the  above  procefs,  are 
light,  corrofive,  and  very  dangerous  to  thedungs; 
being  no  other  than  the  mod  dephlegmated  part  of 
the  Nitrous  Acid.  The  perfon  therefore  who  un- 
lutes the  veffels,  or  pours  the  liquor  out  of  the  re- 
ceiver into  the  bottle,  ought  with  the  greateft  cau- 
tion to  avoid  drawing  them  in  with  his  breath; 
and  for  that  reafon  ought  to  place  himfelf  fo  that  a 
current  of  air,' either  natural  or  artificial,  may  carry 
them  off  another  way.  It  is  alfo  neceffary  that  care 
be  taken,  during  the  operation,  to  give  the  vapours 
a little  vent  every  now  and  then,  by  opening  the 
fmall  hole  in  the  recipient ; for  they  are  fo  elaftic, 
that,  if  too  clofely  confined,  they  will  burft  the 
veffels. 

When  the  operation  is  over,  you  will  find  a red 
mafs  at  the  bottonq  of  the  retort,  cad  as  it  were  in 
a mould.  This  is  a Neutral  Salt  of  the  nature  of 
Vitriolated  Tartar,  refulting  from  the  union  of 
the  Acid  of  the  Vitriol  with  the  Alkaline  bafis  of 
the  Nitre. 

The  ferruginous  bafis  of  the  Vitriol,  which  is 
mixed  with  this  fait,  gives  it  the  red  colour.  To 
feparate  it  therefrom,  you  muft  pul  verife  it,  diffolve 
it  in  boiling  water,  and  filter  the  folution  feverai 
times  through  brown  paper ; becaufe  the  ferru-» 
ginous  earth  of  the  vitriol  is  fo  fine,  that  fome  of  it 
will  pafs  through  the  firif  time.  When  the  fqlution 
is  very  clear,  and  depofites  no  fediment,  let  it  be 
fet  to  fhoot,  and  it  will  yield  cryftals  of  Vitriolated 
Tartar;  to  which  Chymifts  have  given  the  pecu- 
liar title  of  Sal  de  diiobus*  • 

In  this  Caput  mortuumwz  frequently  find,  befides 
the  ferruginous  earth  of  Vitriol,  a portion  of  Nitre 
and  Vitriol  not  cjecompofed ; either  becaufe  the  two 

-falts  were  not  thoroughly  mingled,  or  becaufe  the 
„ • , fire 
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fire  was  not  raifed  high  enough  towards  the  end  of 
the  operation. 

Nitre  may  alfo  be  decompofed,  and  its  Acid  ob- 
tained, by  the  interpofition  of  any  of  the  other  Vi-' 
triols,  Alums,  Gypfums,  Boles,  Clays ; in  fhort, 
by  means  of  any  compound  in  which  the  Vitriolic 
Acid  is  found,  provided  it  have  not  a Fixed  Alkali 
for  its  bafis. 

The  diftillers  of  Aqua  fortis,  who  make  large 
quantities  at  a time,  and  who  ufe  the  lead  charge- 
able methods, do  their  bufinefs  By  the  means  of  earths 
impregnated  with  the  Vitriolic  Acid ; fuc.h  as  Clays 
and  Boles.  W ith  thefe  earths  they  accurately  mix 
the  Nitre  from  which  they  intend  to  draw  their  Spi- 
rit: this  mixture  they  put  into  large  oblong  earthen 
pots,  having  a very  fhort  curved  neck,  which  en- 
ters a recipient  of  the  fame  matter  and  form.  Thefe! 
veffels  they  place  in  two  rows  oppofite  to  each  other 
in  long  furnaces,  and  cover  them  over  with  bricks 
• cemented  with  Windfor-loam,  which  ferves  for  a 
reverberatory : _ then  they  light  the  fire  in  the  fur- 
nace, making  it  at  firffc  very  final),  only  to  warm 
the  veffels  j after  which  they  throw  in  wood,  and 
raife  the  fire  till  the  pots  grow  quite  red  hot,  in 

which  degree  they  keep  it  up  till  the  diflillation  is 
entirely  finifhed. 

. The  Acid  of  Nitre  may  alfo  be  feparated  from 
its  bafis  by  means  of  the  pure  Vitriolic  Acid.  For 
tms  purpofe  the  Nitre  from  which  you  mean  to  ex- 
tra . the  Acid  muft  be  finely  pulverized,  put  into  a 
glals  retort,  and  a third  part  of  its weight  of  concen- 
trated Oil  of  Vitriol  poured  on  it : the  retort  muft 
be  placed  in  a reverberating  furnace,  and  a receiver, 
like  that  u fed  in  the  preceding  operation,  expedi- 
ttoufiy  applied.  r 

As  foon  as  the.Oil  of  Vitriol  touches  the  Nitre 
the  mixture  grows  hot,  and  copious  red  fumes 

begin 
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begin  to  appear : fome  drops  of  the  Acid  come  over* 
even  before  the  fire  is  kindled  fin  the  furnace. 

On  this  occafion  the  fire  muft  be  moderate  ; be- 
caufe  the  Vitriolic  Acid,  being  clogged  by  no  bafis, 
ads  upon  the  Nitre  much  more  brifkly,  and  with 
much  greater  effed,  than  when  it  is  not  pure. 

This  operation  may  be  performed  by  a fand  heat ; 
which  is  a fpeedy  and  commodious  way  of  obtaining 
the  Nitrous  Acid.  In  other  refpeds  the  precautions 
recommended  in  the  preceding  experiment  muft 
be  carefully  obferved  here,  both,  in  diftilling  the 
Acid,  and  in  taking  it  out  of  the  receiver. 

The  Spirit  of  Nitre  extraded  by  this  method  is 
as  ftrong,  and  lmokes  as  much,  as  that  obtained  by 
Calcined  Vitriol,  provided  the  oil  of  Vitriol  made 
life  of  be  well  concentrated;  but  it  is  generally 
tainted  by  the  admixture  of  a fmall  portion  of  the 
Vitriolic  Acid,  which,  having  no  bafis  of  its  own 
to  reftrain  it,  is  (parried  up  by  the  heat  before  it 
can  lay  hold  of  the  bafis  of  the  Nitre. 

There  are  feveral  experiments  in  Chymiftry  that 
fucceed  equally  well  whether  the  Nitrous  Acid  be  or 
be  not  thus  adulterated  with  a mixture  of  the  Vitri- 
olic Acid  ; but  there  are  fome,  as  we  Jfhall  lee,  that 
will  not  fucceed  without  a Spirit  of  Nitre  lo  mixed. 
If  the  Acid  be  diftilled  with  a view  to  fuch‘ expe- 
riments, it  muft  be  kept  as  it  is.  But  moft  expe- 
riments require  the  Spirit  ot  Nitre  to  be  ablolutely 
pure;  and  if  it  be  intended  for  fuch,  it  muft  be 
perfectly  cleanied  from  the  Vitriolic  taints 

This  is  eafily  effeded  by  mixing  your  Spirit 
with  very  pure  Nitre,  and  diftilling  it  a feconci 
time.  The  Vitriolic  Acid,  with  which  this  Spirit 
of  Nitre  is  adulterated,  coming  in  contact  with  a 
great  quantity  of  undecompoled  Nitre,  unites  with 
its  Alkaline  bafis,  and  expels  a proportionable 
quantity  of  the  Nitrous  Acid* 
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In  the  retort  made  ufe  of  to  diftil  the  Nitrous 
Acid,  by  means  of  the  pure  Vitriolic  Acid,  is 
found  a Caput  mortuum  differing  from  that  left 
after  the  diftillation  of  the  fame  Acid  by  the  in- 
cerpofition  of  Vitriol,  in  as  much  as  it  contains 
no  red  ferruginous  earth.  This  is  a very  white 
faline  mafs,  moulded  in  the  bottom  of  the  retort: 
if  you  pound  it,  diffolve  it  in  boiling  water,  and 
evaporate  the  lolution,  it  will  fhoot  into  cryftals 
of  Vitriolated  Tartar:  fometimes  alfo  it  contains  a 
portion  of  undecompofed  Nitre, which  fhoots  after 
the  Vitriolated  Tartar,  becaufe  it  is  much  more 
folublc  in  water. 


CHAP.  III.  - 

Of  the  Marine  Acid. 

Hi.!..  ■ . , 

PROCESS  I. 

7’<?  extract  Sea-Salt  from  Sea-Water , and from  Brine- 
Springs . Epfom  Salt . 

T^ILTER  the  fait  water  from  which  you  intend 
A to  extract  the  Salt:  evaporate  it  by  boiling  till 
} ou  lee  on  its  furface  -a  dark  pellicle  : this  confifts 
wholly  of  little  cryftals  of  fait  juft  beginning  to 
moot:  now  flacken  the  fire,  that  the  brine  may 
^evaporate  more  ftowly,  and  without  any  agitation. 
The  cryftals,  which  at  fir  ft  were  very  fmall,  will 
become  larger,  and  form  hollow  truncated  pyra- 
mids, the  apices  whereof  will  point  downwards,and 
then-  bafts  be  even  with  the  furface  of  the  liquor. 

1 here  pyramidal  cryftals  are  only  colleftions  of 
lmalj  cubical  cryftals  concreted  into  this  form, 

VoL-  L s When 
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When  they  have  acquired  a certain  magnitude 
they  fall  to  the  bottom  of  the  liquor.  When  they 
come  to  be  in  fuch  heaps  as  almoft  to  reach  the 
furface  of  the  liquor,  decant  it  from  them,  and  j 
continue  the  evaporation  till  no  more  cryftals  01 
Sea-falt  will  (boot. 


OBSERVATIONS . 

The  Acid  of  Sea-falt  is  fcarce  ever  found,  either 
in  Sea-water  or  in  the  earth,  otherwise  than  united 
with  a fixed  Alkali  of  a particular  kind,  which  is 
its  natural  balls;  and  confequently  it  is  in  the  form 
of  a Neutral  Salt.  This  Salt  is  plentifully  diffolved 
in  the  waters  of  the  ocean,  and  when  obtained 
therefrom  bears  the  name  of  Sea-Salt.  It  is  alfo 
found  in  the  earth  in  vaft  cryftalline  maffes,  and  is 
then  called  Sal-Gem  : fo  that  Sea-falt  and  Sal-Gem 
are  but  one  and  the  fame  fort  of  Salt,  differing 
very  little  from  each  other,  except  as  to  the  places 

•where  they  are  found.  # 

In  the  earth  are  alfo  found  fprings  and  foun- 
tains,  whofe  waters  are  ftrong  brines,  z great  dea 
of  Sea-Salt  being-diflolved  in  them.  1 hefe  fpring: 
either  rife  diredly  from  the  Sea,  or  run  througf 
feme  mines  of  Sal-gem,  of  which  they  take  up  ; 

quantity  in  their  palfage. 

As  the  fame,  or  at  leaft  nearly  the  fame,  quantit 
of  Sea-falt  will  continue  diffolved  in  cold  water  a 
boiling  water  will  take  up,  it  cannot  fhoot,  as  N itr 
does,  by  the  mere  cooling  8f  the  water  in  which 
is  diffolved  : it  cryftallizes  only  by  the  means  c 
evaporation,  which  continually  leffensahe  proper 
tion  of  the  water  to  the  Salt;  fo  that  it  is alwtjj 
capable  of  containing  juft  fo  much  thelefs  Sea-la 

the  more  there  is  cryftallized.  . , 

The  brine  fhould  not  boil  after  you  perceive  tf 

pellicle  of  little  cry ftalsbeginningtoformomtslu 

face i for  the  ealmnefs  of  the  liquor  allows  them 
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form  more  regularly,  arid  become  'larger. 
after  this  fhould  the  evaporation  be  frurried  on  t< 
fail;  for  a faline  cruft  would  form  on  the  liquor, 
which,  by  preventing  the  vapours  frorti  being  car- 
ried off,  would  obftrudt  the  cryftallization. 

If  the  evaporation  be  continued  after  the  liquor 
ceafes  to  yield  any  cryftais  of Sea-falt,  other  cryftals 
will  be  obtained  of  an  oblong  foOr-fided  form, 
which  have  a bitter  tafte,  and  are  almoft  always 
moift.  This  fort  of  Salt  is  known  by  the  name  of 
tEpJom  Salt , which  it  owes  to  a fait  fpring  in  Eng- 
land, from  the  water  of  which  it  was  firft  extracted. 
This  Salt,  or  rather  faline  compound,  is  a con- 
.geries  of  Glauber’s  Salt  and  Sea-falt,  in  a manner 
confounded  together,  and  mixed  with  fome  of  the 
Mother  of  Sea-falt,  in  which  is  contained  a kind  of 
bituminous  matter.  Thefe  two  Neutral  Salts, 
which  conftitute  the  Epfom  Salt,  may  be  eafily  le- 
aarated  from  each  other,  by  means  of  cryftalliza- 
:.ion  only.  Epfom  Salt  is  purgative  and  bitter; 
md  theiefore  named  Sal  Catharticum  AmaruWj  or 
bitter  purging  Salts. 

There  aie  different  methods- u fed  in  great  works 
or  obtaining  Sea-falt  out  of  water  in  which  it  is 
liffolved.  ft  he  fimpleft  and  eafieft  is  that  praftifed 
n France,  and  in  all  thofe  countries  which  are  not 
:older.  On  the  fea-fhore  they  lay  out  a fort  of  broad 
hallow  pits,  pans,  or  rather  ponds,  which  the  lea 
ills  with  the  tide  of  flood.  When  the  ponds  are 
hns  rilled,  they  flop  their  communication  with  the 
ei,  and  leave  the  water  to  evaporate  by  the  heat 
if  the  fun;  by  which  means  all  the  Salt  contained 
n it  neceffiirily  cryftallizes.  Thefe  pits  are  called 
■alt  fends.  Salt  can  be  made  in  this  way  in  the 
ummer-time  only  ; at  lead:  in  France,  and  other 
ountnes  of  the  lame  temperature  : for  during  the 
'inter,  when  the  fun  has  lefs  power,  and  rains  are 
reepicnr,  this  method  is  not  prafticable. 

S 2-  for 
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for  this  rlafon,  as  it  often  rains  in  the  province 
of Normandy,  the  inhabitants  take  another  way  to. 
ext  raft  Salt  from  fea-water.  The  labourers  em- 
ployed for  this  purpofe  raife  heaps  of  fand  on  the 
ore,  fo  that  the  tide  waters  and  drenches  them 
when  it  flows,  and  leaves  the  fand  dry  when  it 
ebbs.  During  the  interval  between  two  tides  of 
flood  the  fun  and  the  air  eafily  carry  off  the  moif- 
tlire  that  was  left,  and  fo  the  fand  remains  impreg- 
nated with  all  the  Salt  that  was  contained  in  the 
evaporated  water.  Thus  they  let  it  acquire  as  much 
flirts  it  can  by  feveral  returns  of  flood,  and  then 
wafli  it  out  with  frefh  water,  which  they  evaporate 

over  a fire  in  leaden  boilers. 

To  obtain  the  Salt  from  brine-fpnngs,  the  water 
need  only  be  evaporated  : but  as  feveral  of  theie 
Linos  contain  too  little  Salt  to  pay  the  charges 
that  would  be  incurred,  if  the  evaporation  weie 
effected  by  the  force  of  fire  only,  the  manufacturers 
have  fallen  upon  a lefs  expensive  method  of  get- 
ting rid  of  the  greateft  part  pf  the  water,  and  P 
,J„,  the  brine  for  cryftallization,  in  much  le 
time,°and  with  much  lefs  fire,  than  would  other 

W* The* method  "confift/in  making  the  - water  fa 
from  a Certain  heighth  on  a great  many  fmall  fpa 
of  wood,  which  divide  it  into  particles  like™ 
This  is  performed  under  flreds  open  to  all  tl 
winds  which  pafs  freely  through  this  artmci 
Lower  By  this  means  the  water  prefects  to  t| 
a -meat  extent  of  furface,  being  indeed  reduc 
almoft  entirely  to  furface  ‘he  evapontn 

JS  carried  on  with  great  eafe  and  expedjnon 

water  is  raifed  by  punnps  to  the  hei0 
which  it  is  intended  to  fall  ' • p R 
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PROCESS  II. 

Experiments  concerning  the  decompofition  of  Sea- fait, 

. by  means  of  the  Phlogifton.  Kunckel’s  Phofphorus . 

4 pure  urine  that  has  fermented  five  or  fix 

4 V-Z  days  take  a quantity  in  proportion  to  the 
:e  quantity  of  Phofphorus  you  intend  to  make; 
c it  requires  about  one-third  part  of  a hogfhead  to 
c make  a dram  of  Phofphorus.  Evaporate  it  in 
4 iron  pans,  till  it  become  clogged,  hard,  black, 
4 anci,  nearly  like  chimney-foot ; at  which  time  it 
4 will  be  reduced  to  about  a fiftieth  part  of  its 
4 original  weight  before  evaporation. 

44  When  the  urine  is  brought  to  this  condition, 
4 put  it  in  feveral  portions  into  fo  many  iron  pots, 

‘ 4 under  which  you  mull  keep  a pretty  brifk  fire 
4 lo  as  to  make  their  bottoms  red,  and  ftir  it  in- 
4 celfantly  till  the  volatile  fait  and  the  fetid  oil  be 
almoft  wholly  diflipated,  till  the  matter  ceafe  to 
4 emit  any  fmoke,and  till  it  fmell  like  peach-blof- 
4 foms.  Then  put  out  the  fire,  and  pour  on  the 
4 matter,  which  will  now  be  reduced  to  a powder, 
4 fomewhat  more  than  twice  its  weight  of  warm 
water.  Stir  it  about  in  this  water,  and  leave  it 
to  foak  therein  for  twenty-four  hours.  Pour  off 
the  water  by  inclination ; dry  the  drenched  mat- 
4 ter,  and  pulverize  it.  The  previous  calcination 
4 carries  off"  from  the  matter  about  a third  of  its 
weight,  and  the  lixiviation  waflies  out  half  the 
4 remainder. 

44  With  what  remains  thus  calcined,  wafhed, 
4 and  dried,  mix  half  its  weight  of  gravel,  or  yel- 

lients  in  the  rtruft  tire  and  difpofition  of  the  buildings  nece/Tary 
or  that  purpofe.  They  are  called  by  the  French  Bailments do 
graduation ; which  may  properly  enough  be  rendered  Br ■«*- 
' onjcs . 
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et  low  freeftone  rafped,  having  fifted  out  and 
t£  thrown  away  all  the  fineft  particles.  River-land 
<c  is  not  proper  on  this  occafion,  becaufe  it  flies  in 
“ a hot  fire.  Then  add  to  this  mixture  a fixteenth  1 
part  of  its  weight  of  charcoal,  made  of  beech,  or  1 
« of  any  other  wood  except  oak,  becaufe  that  alio 
<r  flies.  Moiften  the  whole  with  as  much  water  as 
« will  bring  it  to  a ftifF  pafte,  by  working  and 
kneading  it  with  your  hands:  now  introduce  it 
t(  into  your  retort,  taking  care  not  to  daub  its 
sc  neck.  The  retort  muft  be  of  the  beft  earth, 
“ and  of  fuch  a flze,  that  when  your  matter  is  in 
« it,  a full  third  thereof  fhall  ftill  be  empty. 

“ Place  your  retort,  thus  charged,  in  a reverbe- 
rating  furnace,  l'o  proportioned,  that  there  may 
« be  an  interval  of  two  inches  all  round  between 
*<  the  fides  of  the  furnace  and  the  bowl  of  the  re- 
tort,  even  where  it  contracts  to  form  the  neck, 
<c  which  Ihould  (land  inclined  at  an  angle  of  fixty 
<£  degrees.  Stop  all  the  apertures  of  the  furnace, 
<£  except  the  doors  of  the  fire-place  and  afh-hole. 

<£  Fit  on  to  the  retort  a large  glafs  ballon  two- 
« thirds  full  of  water,  and  lute  them  together,  as 
“ in  diftilling  the  Smoaking  Spirit  of  Nitre.  In 
« the  hinder  part  of  this  ballon,  a little  above  the 
t£  furface  of  the  water,  a fmall  hole  muft  be  bored 
e£  This  hole  is  to  be  flopped  with  a fmall  peg  o 
<£  birch-wood,  which  muft  flip  in  and  out  veiy  ea 
« fily,  and  have  a fmall  knob  to  prevent  its  falling 
<<  into  the  ballon.  This  peg  is  to  be  pulled  ou 
« from  time  to  time,  that  by  applying  the  hana 
<£  to  the  hole  it  may  be  known  whether  the  an 
«£  rarefied  by  the  heat  of  the  retort,  ifiuesout  wit 

“ too  much  or  too  little  force. 

C£  If  the  air  ruflhes  out  with  too  much  rapidir 
i(  and  with  a hi  fling  noife,  the  door  of  the  alh-ho 
lt  muft  be  entirely  fhut,  in  order  to  flacken  the  hi 

ft  If  it  do  not  ftrike  pretty  fmartly  againft  the  hani 

££  th 
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1 

that  dcor  mufl  be  opened  wider,  and  large  coals 
thrown  into  the  fire-place  to  quicken  the  fire 
immediately. 

“ The  operation  ufually  lafls  four-and-twenty 
hours;  and  the  following  figns  fhew  that  it  will 
fucceed,  provided  the  retort  refill  the  fire. 
cf  You  mufl  begin  the  operation  with  putting 
fome  unlighted  charcoal  in  the  afh  hole,  and  a 
little  lighted  charcoal  at  the  door  thereof;  in  or- 
der to  warm  the  retort  very  flowly.  When  the 
whole  is  kindled,  pufh  it  into  the  afh-hole,  and 
clofe  the  door  thereof  with  a tile.  This  moderate 
heat  brings  over  the  phlegm  of  the  mixture. 
The  fame  degree  of  fire  mufl  be  kept  up  four 
hours,  after  which  fome  coals  may  be  laid  on 
the  grate  of  the  fire-place,  which  the  fire  under- 
neath will  kindle  by  degrees.  With  this  fccond 
heat  brought  nearer  the  retort,  the  ballon  grows 
warm,  and  is  filled  with  white  vapours,  which 
have  the  fmell  of  fetid  oil.  In  four  hours  after, 
this  vefTel  will  grow  cool  and  clear  ; and  then 
you  mufl  open  the  door  of  the  afh-hole  one 
inch,  throw  frefh  coals  into  the  fire-place  every 
three  minutes,  and  every  time  fhut  the  door  of 
it,  left  the  cold  air  from  without  fliould  flrike 
againfl  the  bottom  of  the  retort  and  crack  it. 

“ When  the  fire  has  been  kept  up  to  this  degree 
for  about  two  hours,  the  infide  of  the  ballon  be- 
gins to  be  netted  over  with  a volatile  fait  of  a 
lingular  nature,  which  cannot  be  driven  up  but 
by  a very  violent  fire,  and  which  frnelis  pretty 
flrong  of  peach-kernels.  Care  mufl  be  taken 
that  this  concrete  fait  do  not  flop  the  little  hole 
in  the  ballon':  for  in  that  cafe  it  would  burfl,  the 
retort  being  then  red-hot, and  the  air  exceedingly 
rarefied.  The  water  in  the  ballon,  being  heated 
by  the  vicinity  of  the  furnace,  exhales  vapours 

S 4 « which 
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<e  which  difiblve  this  fprigged  fait,  and  the  ballon 
clears  up  in  half  an  hour  after  it  has  ceafed  rifing. 
tc  In  about  three  hours  from  the  fir  ft  appearance 
fe  of  this  fait,  the  ballon  is  again  filled  with  new 
Cl  vapours, which  fmell  like  Sal  Ammoniac  thrown 
cc  upon  burning  coals.  They  condenfe  on  the  fides 
<c  of  the  receiver  into  a fait  which  is  not  branched 
like  the  former,  but  appears  in  long  perpendi- 
fc  cular  ftreaks,  which  the  vapours  of  the  water  do 
- not  diffolve.  Thefe  white  vapours  are  the  fore- 
tc  runners  of  the  Phofphorus,  and  a little  before 
(t  they  ceafe  to  rife  they  lofe  their  firft  fmell  of  Sal 
Ammoniac,  and  acquire  the  odour  of  garlick. 

<c  As  they  afeend  with  great  rapidity^  the  little 
ec  hole  muff  be  frequently  opened,  to  oblerve  whe- 
£c  ther  the  hiding  be  not  too  ftrong ; for  in  that 
sc  cafe  it  would  be  neceftary  to  fhut  the  door  of  the 
« afh-hole  quite  clofe.  Thefe  white  vapours  con- 
« tinue  two  hours.  When  you  find  they  ceafe 
“ rifing,  make  a fmall  paffage  through  the  dome, 
cc  by  opening  fome  of  its  regifters,  that  the  flame 

may  juft  begin  to  draw.  Keep  up  the  fire  in 
<c  this  mean  ftate  till  the  firft  volatile  Phofphorus 
tf  begins  to  appear. 

<c  This  appears  in  about  three  hours  after  the 
cc  white  vapours  firft  begin  to  rife.  In  order  to 
« difeover  it,  pull  out  the  little  birchen  peg  once 
cc  every  minute,  and  rub  it  againft  fome  hot  part 
?c  of  the  furnace,  where  it  will  leave  a trail  of 
“ light,  if  there  be  any  Phofphorus  upon  it. 

cc  Soon  after  you  obferve  this  fign,  there  wil 
e(  iftue  out  through  the  little  hole  of  the  ballon  r 
“ ft  re  am  of  bluifh  light,  which  continues  of  i 
Ci  greater  or  ftiorter  extent  to  the  end  of  the  opera 
ec  don.  This  ftream  orfpout  of  light  does  not  burn 
fc  If  you  hold  your  finger  againft  it  for  twenty  o 
e£  thirty  feconds^  the  light  will  adhere  to  it;  and  i 

<c  yo 
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i(  you  rub  that  finger  over  your  hand,  the  light 
« will  befmear  it,  and  render  it  luminous. 

££  But  from  time  to  time  this  ftreamer  darts  out 
££  to  the  length  of  feven  or  eight  inches,  flapping 
£f  and  emitting  fparks  of  fire ; and  then  it  burns 
“ all  combuftible  bodies  that  come  in  its  way. 
££  When  you  obferve  this,  you  mull  manage  the 
<c  fire  very  warily,  and  fhut  the  door  of  the  afh- 
<£  hole  quite  dole,  yet  without  ceafing  to  throw 
££  coals  into  the  fire-place  every  two  minutes. 

££  TheVolatile  Phofphorus  continues  two  hours; 
<c  after  which  the  little  fpout  of  light  contra&s  to 
<£  the  length  of  a line  or  two  : and  now  is  the  time 
tc  for  pufhing  your  fire  to  the  utmoft : immediately 
cc  let  the  door  of  the  afh-hole  wide  open,  throw 
ff  billets  of  wood  into  it,  unftop  all  the  regifters 
Cf  of  the  reverberatory,  fupply  the  fire-place  with 
“ large  coals  every  minute  : in  fhort,  for  fix  or 
cc  feven  hours  all  the  infide  of  the  furnace  muft  be 
ct  kept  of  a white  heat,  fo  that  the  retort  (hall 
<c  not  be  diftinguifhable. 

££  In  this  fierce  extremity  of  heat  the  true  Phof- 
phorus diftils  like  an  oil,  or  like  melted  wax  : 
££  one  part  thereof  floats  on  the  water  in  the  red- 
£C  pient,  the  other  falls  to  the  bottom.  At  lafi, 
£C  the  operation  is  known  to  be  quite  over  when 
££  the  upper  part  of  the  ballon,  in  which  the  vola- 
tile Phofphorus  appears  condenled  m a blarckifh 
nl m , begins  to  grow  red : for  this  fhews  that  the 
Phofphorus  is  burnt  where  the  red  fpot  appears, 
fou  muft  now  ftop  all  the  regifters,  and  fhut 
all  the  doors  of  the  furnace,  in  order  to  fmother 
“ the  fire;  and  then  clofe  up  the  little  hole  in  the 
££  ballon  with  fat  lute  or  bees-wax.  In  this  con- 
££  dition  the  whole  muft  be  left  for  two  days ; be- 
" caufe  the  vefiels  muft  not  be  feparated  till  they 

t£  are  perfediy  cold,  left  the  Phofphorus  fhould 
<£  take  fire.  r 
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“ As  loon  as  the  fire  is  out,  the  ballon,  which 
is  then  in  the  dark,  prefents  a molt  agreeable 
“ objedt : all  the  empty  part  thereof  above  the 
water  feerns  filled  with  a beautiful  blue  light: 
4C  which  continues  for  feven  or  eight  hours,  or  as 
“ long  as  the  ballon  keeps  warm,  never  difap- 
“ pearing  till  it  is  cooled. 

<c  When  the  furnace  is  quite  cold  take  out  the 
cc  veffels,  and  feparate  them  from  each  other  as 
<c  neatly  as  poffible.  With  a linen  cloth  wipe  away 
£(  all  the  black  duff  you  find  in  the  mouth  of  the 
ct  ballon ; for  if  that  filth  fhould  mix  with  thePhof- 
cc  phorus,  it  would  hinder  it  from  being  tranfpa- 
“ rent  when  moulded.  This  muft  be  done  with 
c<  great  expedition  : after  which  pour  into  the  bal- 
“ Ion  two  or  three  quarts  of  cold  water,  to  acce- 
<c  lerate  the  precipitation  of  the  Phofphorus  that 
“ fwims  at  top.  Then  agitate  the  water  in  the  bal- 
<f  Ion,  to  rinfe  out  all  the  Phofphorus  that  may 
<c  flick  to  the  fides  ; pour  out  all  the  water  thus 
f£  fhaken  and  turbid,  into  a very  clean  earthen  pan, 
tc  and  let  it  (land  till  it  grows  clear.  Then  decant 
tf  this  firft  ufirlels  water,  and  on  the  blackifh  fedi- 
£f  ment,  left  at  the  bottom  of  the  pan,  pour  fome 
<c  boiling  water  to  melt  the  Pholphorus  j which 
<c  thereupon  unites  with  the  fuliginous  matter,  or 
ec  volatile  Phofphorus,  that  precipitated  with  it, 
cc  both  together  forming  a mafs  of  the  colour  of 
cc  flate.  When  this  water,  in  which  you  have  melt- 
ed  the  Phofphorus,  is  cool  enough,  take  out  the 
“ Phofphorus,  throw  it  into  cold  water,  and  there- 
u in  break  it  into  little  bits  in  order  to  mould  it. 

<£  Then  take  a matrafs,  having  a long  neck 
£<  fomewhat  wider  nex.t  the  body  than  at  its 
l(  mouth  : cut  off  half  the  body,  fo  as  to  make  a 
({  funnel  of  the  neck-part,  the  (mailer  end  of  which 
<c  mud  be  dopped  with  a cork.  The  fil'd  mould 
li  being  thus  prepared,  plunge  it  endwile,  with  its 

- , “ moiub 
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r<  mouth  uppermoft,  in  a veffel  full  of  boiling 
4f  water,  and  fill  it  with  that  water.  Into  this  fun- 
*c  nel  throw  the  little  bits  of  your  flate-like  mafs, 
‘c  which  will  melt  again  in  this  hot  water,  and  fall 
<{  fo  melted  to  the  bottom  of  the  tube.  Stir  this 
<£  melted  matter  with  an  iron  wire,  to  promote  the 
<£  feparation  of  the  Phblphorus  from  the  fuligi- 
<c  nous  matter  with  which  it  is  fouled,  and  which, 
being  lefs  ponderous  than  the  Phofphorus,  will 
cc  gradually  rife  above  it  towards  the  upper  part 
“ of  the  cylinder. 

“ Keep  the  water  in  the  veffel  as  hot  as  at  firft, 
tc  till  on  taking  out  the  tube  you  fee  the  Phofphq- 
<£  rus  clean  and  tranlparent.  Let  the  clear  tube 
<c  cool  a little,  and  then  let  it  in  cold  water,  where 
fc  the  Phofphorus  will  congeal  as  it  cools.  When 
£C  it  is  perfectly  congealed,  pull  out  the  cork,  and 
<c  with  a fmall  rod,  near  as  bigas  the  tube,  pufh 
“ the  cylinder  of  Phofphorus  towards  the  mouth 
<c  of  the  funnel,  where  the  feculency  lies.  Cut 
off  the  black  part  of  the  cylinder,  and  keep  it 
“ apart : for  when  you  have  got  a quantity  thereof, 
you  may  melt  it  over  again  in  the  fame  manner, 
<f  and  feparate  the  clean  Phofphorus  which  it  ftill 
contains.  As  to  the  reft  of  the  cylinder  which 
is  clean  and  tranfparent,.  if  you  intend  to  mould 
it  into  fmaller  cylinders,  you  may  cut  it  in 
dices,  and  melt  it  again  by  the  help  of  boding 
water  in  glafs  tubes  of  fmaller  dimenfions.” 

OBSERVATIONS. 

Ihis  procefs  for  making  Pholphorus  is  copied 
from  the  Memoirs  of  the  Academy  of  Sciences  for 
the  Year  1737  i where  it  isdeferibed  by  M.  Hellot, 
with  fo  much  accuracy,  clearnefs,  and  precifion, 
that  I thought  I could  not  do  better  than  tranferibe 
it,  without  departing  from  the  author’s  own  expref- 
fions,  foi  the  fake  of  fuch  as  may  not  have  thofe 

Memoirs. 
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Memoirs.  We  fhall  take  occafion,  in  thefe  obferva- 
tions,  to  point  out  fome  eflfential  circumftances 
which  I have  omitted  in  the  defcription  of  the 
Procefs,  that  I might  not  break  the  connexion 
between  the  phenomena  that  happen  in  the  courfe 
of  this  experiment. 

It  is  proper  to  obferve,  in  the  fir  ft  place,  that 
one  of  the  moft  ufual  caufes  of  milcarriage  in  this 
operation  is  a defect  of  the  requifite  qualities  in 
the  retort  employed.  It  is  absolutely  neceifary  to 
have  that  veil'd  made  of  the  beft  earth,  and  fo 
well  made  that  it  fhall  be  capable  of  refilling  the 
utmoft  violence  of  fire,  continued  for  a very  long 
time ; as  appears  by  the  defcription  of  the  procefs. 
The  retorts  commonly  fold  by  potters,  and  other 
earthen  ware  men,  are  not  fit  for  this  operation  ; 
and  M.  Hellot  was  obliged  to  fend  to  HeiTe- 
Caftel  for  fuch  as  he  wanted. 

We  fhall,  in  the  fecond  place,  obferve  with 
M.  Hellot  that,  “ before  you  fet  your  retort  in 
tc  the  furnace,  it  is  proper  to  make  an  eft  ay  of  your 
<c  matter,  to  fee  if  there  be  reafon  to  hope  for  fuc- 

t:  cefs.  For  this  purpofe  put  about  an  ounce  there- 

ts  of  into  a fmail  crucible,  and  heat  it  till  the  veiTel 
cf  be  red.  The  mixture,  after  having  fmoked^ 
tc  ought  to  chop  or  crack  without  puffing  up,  or 
c<  even  riling  in  the  leaft.  From  thefe  cracks  will 
cc  iffue  undulating  flames,  white  and  bluifh,  dart- 
tc  ing  upwards  with  rapidity.  I his  is  the  ffrft  vo- 
“ latile  Phofphorus,  which  occaiions  ail  the  dan  - 
£C  ger  of  the  operation.  When  thele  firft  flalhes 
ct  are  over,  increafe  the  heat  of  your  matter  by 
tc  laying  a large  live  coal  upon  the  crucible.  You 
tc  will  then  fee  the  fecond  Phofphorus,  like,  a lu- 
£C  minous,  fteady  vapour,  of  a colour  inclining  to 
<c  violet,  covering  the  whole  lurface  or  the  matter: 
<e  it  continues  for  a very  long  time,  and  diffufes  a 
£c  fmell  of  gar-lick,  which  is  the  diftinguiihing 

tf  odour  of  the  Phofphorus  you  are  feeking. 

« When 
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<f  When  this  luminous  vapour  is  entirely  gone, 
tf  pour  the  red-hot  matter  out  of  the  crucible  upon 
“ an  iron  plate.  If  you  do  not  find  one  drop  of  fait 
“ in  fufion,  but  that,  on  the  contrary,  the  whole 
<c  falls  readily  into  powder,  ’tis  a proof  that  your 
<c  matter  was  fufficiently  lixiviated,  and  that  it 
c‘  contains  no  more  fixed  Salt,  or  Sea-falt,  if  you 
<c  will,  than  is  requifite.  If  you  find  on  the  plate 
<c  a drop  of  fait  coagulated,  it  fiiews  that  there  is 
(c  too  much  left  in,  and  that  there  is  danger  of 
cc  your  mifcarrying  in  the  operation  ; becaufe  the 
“ redundant  fait  would  corrode,  and  eat  through 
<c  the  retort.  In  this  cale  your  matter  mud  be 
<c  wafhed  again,  and  then  fufficiently  dried.” 

Our  third  observation  (hall  be  concerning  the 
furnace  proper  to  be  employed  in  this  operation. 
This  furnace  mult  be  fo  conltructed,  that  within 
a narrow  compals  it  may  give  a heat  at  lead  equal 
to  that  of  a glals-houfe  furnace,  or  rather  greater, 
efpecially  during  the  lad  feven  or  eight  hours  of 
the  operation.  M.  Hellot  in  his  Memoir  gives 
an  exad  defcription  of  fuch  a furnace. 

tf  As  certain  accidents  may  happen  in  the  courfe 
“ of  the  operation,  fome  precautions  are  to  be 
“ taken  againft  them.  For  inltance,  if  the  ballon 
<c  ffiould  break  while  the  Phofphorus  is  diddling, 
fC  and  any  of  it  ffiould  fall  on  combudible  bodies, 
<c  it  would  fet  them  on  fire,  and  probably  burn 
“ the  laboratory,  becaufe  it  is  not  to  be  extin- 
without  the  greated  difficulty.  The 
furnace  mud  therefore  be  erected  under  fome 
<c  vault,  or  upon  a bed  of  brick-work  raifed  un- 
<f  der  fome  chimney  that  draws  well  : nor  mud 
ff  any  furniture  or  utenfil  of  wood  be  left  near  it. 
ct  If  a little  flaming  Phofphorus  Ihould  fall  on  a 
man  s legs  01  hands,  in  lels  than  three  minutes 
<c  it  would  burn  its  way  to  the  very  bone.  In  fuch 
“ a cafe  nothing  but  urine  will  dop  its  progreft. 
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If  the  retort  crack  while  the  Phofphorus  is 
cc  diftilling,  there  is  an  unfuccefsful  end  of  your 
sc  operation.  Ip  is  eafy  to  perceive  this  by  the 
dink  of  gariick  which  you  will  fmell  about  the 
fC  furnace ; and  moreover,  the  flame  that  iflfues 
Cf  through  the  apertures  of  the  reverberatory  will 
tc  be  of.  a beautiful  violet  colour.  The  Acid  of 
“ Sea- fa  It  always  gives  this  colour  to  the  flame  of 
cc  fuch  matters  as  are  burnt  alorg  with  it.  But 
ff  if  the  retort  break  before  the  Phofphorus  hath 
ff  made  its  appearance,  its  contents  may  be  faved 
fc  by  throwing  a number  of  cold  bricks  into  the 
“ fire-place,  and  upon  them  a little  water  to 
tc  quench  the  fire  at  once.”  All  thefe  ufeful  ob- 
fervations  we  owe  alfo  to  M.  Hellot. 

The  Phofphorus  here  deferibed  was  firft  difeo- 
vered  by  a citizen  of  Hamburgh  named  Brandt, 
who  worked  upon  urine  in  fearch  of  the  Philofo- 
pher’s  ftone.  Afterwards  two  other  fkilful  Chy- 
mifts,  who  knew  nothing  more  of  the  procefs  than 
that  Phofphorus  was  obtained  from  urine,  or  in 
general  from  the  human  body,  likewife  endea- 
voured to  difeover  it ; and  each  of  them  feparately 
did  adlually  make  the  difeovery.  Thefe  two  Chy- 
mids  were  Kunckel  and  Boyle. 

The  former  perfected  the  difeovery,  and  found 
out  a method  of  making  it  in  conliderable  quan- 
tities at  a time  ; which  occafioned  it  to  be  called 
Kunckel’ s Phojphorus . The  other,  who  was  an 
Englifh  gentleman,  had  not  time  to  bring  his  dif- 
eovery to  perfection,  and  contented  himlelf  with 
lodging  a voucher  of  his  having  difeovered  it  in 
the  hands  of  the  Secretary  of  the  Royal  Society  of 
London,  who  gave  him  a certificate  thereof. 

<c  Though  Brandt,  fays  M.  Hellot,  who  had  be- 
cc  fore  this  fold  his  fecret  to  a Chymift  named 
“ Krafft,  fold  it  afterwards  to  leveral  other  per- 
tc  Ions,  and  even  at  a very  low  rate  i and  though 

“ Mr. 
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c<  Mr.  Boyle  publilhed  the  procefs  for  making  it ; 
“ yet  it  is  extremely  probable  that  both  of  them 
ff  kept  in  their  own  hands  the  mafter-key ; I 
(<  mean,  the  particular  management  necejfary  to  make 
the  operation Jucceed : for  till  Kunckel  found  it 
out,  nO  other  Chymift  ever  made  any  confider- 
able  quantity  thereof,  except  Mr.  Godfrey 
Hankwitz,  an  Englifh  Chymift,  to  whom  Mr, 
Boyle  revealed  the  whole  myftery. 

<c  Neverthelefs,  continues  he,  we  are  very  far 
from  alledging  that  all  thofe  who  have  defcribed 
this  operation  meaned  to  impofe  upon  theworld : 
but  we  conceive  that  moft  of  them  having  ob- 
ferved  luminous  vapours  in  the  ballon,  and  fome 
fparks  about  the  juncture  of  the  veftels,  were 
contented  with  thofe  appearances.  And  thus  it 
came  to  pafs,  that,  after  Kunckel  and  Boyle 
died,  Mr.  Godfrey  Hankwitz  was  the  only  Chy- 
mift that  could  fupply  Europe  therewith ; on 
which  account  it  is  likewife  very  well  known 
by  the  name  of  Englijh  Phofphorus .” 

Almoft  all  the  Chymifts  conlider  Phofphorus  as 
a fubftance  confifting  of  the  Acid  of  Sea-falt  com- 
bined with  the  Phlogifton,  in  the  fame  manner  as 
Sulphur  confifts  of  the  Vitriolic  Acid  combined 
w:th  the  Phlogifton.  I his  opinion  is  founded  on 
tne  following  principles. 

Pirft,  Urine  abounds  with  Sea-falt,  and  contains 
alfo  a great  deal  of  Phlogifton  : now  thefe  are  the 
ingredients  of  which  they  conjecture  Phofphorus 
to  be  compofed.  r 

. Sec°ndlV>  'Phofphorus  has  many  of  the  proper- 
ties of  Sulphur;  fuch  as  being  foluble  in  oils  • 
melting  with  a gentle  heat ; being  very  combulti- 
ble-  burning  without  any  foot;  giving  a vivid 
and  bluifli  flame;  and  laftly,  leavmg  an  acid  li- 
quor when  burnt : ienfiblc  proofs  that  it  differs 
trom  Sulphur  in  nothing  but  the  nature  ofits  Acid. 

• ■ , Thirdly, 
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Thirdly,  this  Acid  of  Phofphorus,  being  mixed 
with  a folution  of  filver  in  Spirit  of  Nitre,  precipi- 
tates the  filver,  and  this  precipitate  is  a true  Luna 
cornea , which  appears  to  be  more  volatile  even  than 
the  common  fort ; as  M.  Hellot  tells  us,  who  made 
the  experiment.  This  fad  proves  inconteftably 
that  the  Acid  of  Phofphorus  is  of  the  fame  nature, 
with  that  of  Sea-falt  : for  all  Chymifts  know  that 
the  property  of  precipitating  filver  in  a Luna  cornea 
belongs  to  the  Marine  Acid  only. 

Fourthly,  M.  Stahl  obferves  that,  if  Sea-falt  be 
eaft  on  live  coals,  they  inftantly  burn  with  great  ac- 
tivity; then  they  emit  a very  vivid  flame,  and  are 
much  fooner  confumed  than  if  none  of  this  Salt 
had  touched  them;  that  Sea-falt  in  fubftance, 
which  will  bear  the  violence  of  fire  a confiderable 
time  when  fufed  in  a crucible,  without  luftaining 
any  fenfible  diminution, yet  evaporates  very  quick- 
ly, and  is  reduced  to  white  flowers,  by  the  imme- 
diate contad  of  burning  coals ; and  laftly,  that 
the  flame  which  rifes  on  this  occafion  is  of  a blue 
colour  inclining  to  violet,  efpecially  if  it  be  not 
thrown  diredly  on  the  coals  themfelves,  but  kept 
in  fufion  amidft  burning  coals,  in  a crucible  \o 
placed  that  the  vapour  of  the  Salt  may  join  with 
the  enflamed  Phlogifton  as  it  rifes  from  the  coals. 

Thefe  experiments  of  Mr.  Stahl’s  prove  that  the 
Phlogifton  ads  upon  the  Acid  of  Sea-falt,  even 
while  it  is  combined  with  its  alkaline  bafis.  The 
flame  that  appears  on  this  occafion  may  be  conft- 
dered  as  an  impeded  Phofphorus : , and  indeed  its 
colour  is  exadly  like  that  of  Phofphorus.  ^ 

All  the  fafts  above  related  evince  that  the  Acid 
of  Phofphorus  is  akin  to  that  of  Sea-falt ; or  rather 
that  it  is  the  very  fame.  But  there  are  other  fads 
which  prove  that  this  Acid  undergoes  iome  change 
at  leaft,  fome  peculiar  preparation,  before  it  enters 
into  the  comnofition  of  a trucPhofphorus,anc  t lat. 
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when  extricated  therefrom  by  burning,  it  is  not  a 
pure  Acid  of  Sea-lalt,  but  is  dill  adulterated  with 
a mixture  of  fome  other  fubftance,  which  makes  it 
iconfiderably  different  from  that  Acid.  For  thefe 
obfervations  we  are  obliged  to  M.  Marggraff,  of 
.the  Academy  of  Sciences  at  Berlin,  a celebrated 
Chymift.  I fhall  prefently  give  an  account  of  his 
•principal  experiments  as  fuccinctly  as  poffible. 

M.  Marggraff  hath  alfo  pubiifhed  a procefs  for 
making  Phofphorus,  and  affures  us  that  by  means 
thereof  we  may  obtain  in  lefs  time,  with  lefs  heat, 
lefs  trouble,  and  lefs  expence,  a greater  quantity 
of  Phofphorus  than  by  any  other  method.  His 
operation  is  this  : • 

Pie  takes  two  pounds  of  Sal  Ammoniac  in  pow- 
der, which  he  mixes  accurately  with  four  jooynds 
of  Minium.  This  mixture  he  puts  into  a glak* 
-etort,  and  with  a graduated  fire  draw-s  off  & very  ’ 
diarp,  volatile,  urinous  fpirit. 

We  obferved  in  our  theoretical  Elements  that 
ome  metallic  fubftafices  have  the  property  of  de- 
oompofing  Sal  Ammoniac,  and  feparating  its  vo- 
latile Alkali ; concerning  which  phenomenon  we 
. here  gave  our  opinion.  Minium,  which  is  a calx 
of  lead,  is  one  of  thofe  metallic  fubftances.  In  -this 
experiment  it  decompofes  the  Sal  Ammoniac,  and 
eparates  its  volatile  Alkali ; what  remains  in  the 
etort  is  a combination  of  the  Minium. with  the 
Wid  of  the  Sal  Ammoniac,  which  is  well  known  to 
3e  the  fame  with  the  Marine  Acid  5 and  confe- 
juendy  the  refidue  of  this  operation  is  a fort  of 
'J lumbum  corneum.  ' ‘ ' 

Theq uantity  thereof isfourpounds  eight  ounces. 
Of  this  he  mixes  three  pounds  with  nine  or  ten 
rounds  of  urine,  that  has  flood  putrefying  for  two 
months,  evaporated  to  the  confidence  of  honey. 
Thefe  he  mixes  by  little  and  little  in  an  iron  pan 
ver  the  fire, ffirring  the  mixture  from  time  to  time, 
.hen  he  adds  half  a pound  of  charcoal  duff,  and 
Vql.  I.  T 
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evaporates  the  matter, kept  continually  ftirring,till 
the  whole  be  brought  to  a black  powder.  He  next 
diftils  the  mixture  in  a glafs  retort  with  degrees  of 
fire, which  he  railes  towards  the  end  fo  as  to  make 
the  retort  red-hot,  in  order  to  expel  all  the  urinous 
fpirit,  fuperfiuous  oil,  and  ammomacal  lalt.  I he 
diftillation  being  Hnifhed,  there  remains  nothing 
in  the  retort  but  a very  friable  caput  mortuum. 

This  remainder  he  pulverifes  again,  and  throws 
a pinch  thereof  on  live  coals,  thereby  to  difcover 
whether  or  no  the  matter  be  rightly  prepared,  and 
in  order,  for  yielding  Phofphorus.  If  it  be  fo,  it 
prefently  emits  an  arfenical  odour,  and  a blue  un-^ 
dulating  flame,  which  pafles  over  the  furface  oi 

the  coals  like  a wave.  r . 

Beino-  thus  aflured  of  the  fuccefs  ot  his  operation, 

he  puts°one  half  of  his  matter,  in  three  equal  parts, 
into  three  fmall  earthen  German  retorts,  capable 
of  holding  about  eighteen  ounces  of  watf 
Thefe  three  retorts,  none  of  which  is  above  thr 
quarters  full,  he  places  together  in icne  reverberatory 

furnace,  built  much  like  thofewehave  defuibed,  - 

cent  that  it  is  fo  conftru&ed  as  to  hold  the  three  re- 
torts difpofed  in  one  line.  To  each  retort  he  lutes  a 
recipient  fomething  more  than  half  ful  of  water  or- 
derin <r  the  whole  in  Inch  a manner,  that  the  noies^ 
of  his°retorts  almoft  touch  the  furface  of  the  water 
° He  begins  thediftillation  withw’armingtheretortd 

fiowly.for  about  an  hour,  by  a gentle  heat.  \\  hen 
that  time  iselapfed  he  raifes  the  hre  gradually,  ft 
ha  n half  an  hour  more. the  coals  begin  to  toucr 
fhe  bottoms  o f the  retorts.  He  continues  throw, 
coals  into  the  furnace  by  i, ale  and  htde.nl  the)  t h 
half  wav  the  heigh*  oi  the  retort  i andnn  * ^ 

employs  another  nalt  hour.  rrliprprnrt5 

houidie  raifts  the  coals  above  t:iebow)5of  the  retort. 

Then  the  Phofphorus  begins  to  ^end  m cloud 
on  tins  he  intently  increafcs  the  heat  of  the  fire  . 
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much  as  pofiible,  filling  the  furnace  quite  np  with 
coals,  and  making  the  retorts  very  red.  This  de- 
gree of  fire  caufes  the  Phofphorus  to  diftil  in  drops 
vvhich  fall  to  the  bottom  of  the  water.  He  keeps 
jp  this  intenfe  heat  for  an  hour  and  half,  at  the 
-nd  of  which  the  operation  is  finifhed  ; fo  that  it 
afrs  but  four  hours  and  a half  in  all:  nay,  he  fur- 
ther allures  us  that  an  artifl,  well  verfed  in  manao-- 
ng  the  fire,  may  perform  it  in  four  hours  only. 
In  the  fame  manner  he  diftils  the  fecond  moiety  of 
lis  mixture  in  three  other  fuch  retorts. 

The  advantage  he  finds  in  making  ufe  of  feve- 
•al  fmall  retorts,  inftead  of  a fingle  large  one,  is 
:hat  the  heat  penetrates  them  with  more  eafe,  and 
he  operation  is  performed  with  lefs  fire,  and  in 
els  time.  He  purifies  and  moulds  his  Phofpho- 
us  much  in  the  fame  manner  as  M.  Hellot  does, 
'rom  the  quantity  of  ingredients  above-mention- 
d,  he  obtains  two  ounces  and‘a  half  of  fine  cryf- 
alline  moulded  Phofphorus* 

M.  Marggraff  confidering,  as  a confequence  of 
ne  experiments  above  related,  that  a highly  con- 
entrated  Acid  of  Sea-falt  contributes  greatly  to- 
ards  the  formation  of  Phofphorus*  proceeded  to 
7 feveral  other  experiments,  in  which  he  employ- 
d that  Acid  in  a fiate  of  combination  with  other 
ales.  He  mixed,  for  inftance,  an  ounce  of  Luna 
irnea  with  an  ounce  and  half  of  putrefied  and  in, 
miated  urine,  and  from  the  mixture  obtained  a 
ery  beautiful  Phofphorus 

In  fhort,  the  feveral  experiments  mentioned 
aving  thoroughly  perfuaded  him  that  the  Acid  of 
ea-falt,  provided  it  were  highly  concentrated 
ould  combine  with  the  Phlogifton  as  readily  as 
ie  Vitriolic  Acid  does,  he  rel'olved  to  trv  whe- 
icr  he  could  not  make  Phofphorus  with  matters 
teaming  that  Acid  and  the  Phlogifton,  without 
aking  ufe  of  any  urine. 

T 2 With 
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With  this  view  he  made  a great  number  of  dif- 
ferent trials,  wherein  he  employed  Sea-falt  in  fub- 
ftance,  Sal  Ammoniac,  Plumbum  corne.um,  Luna 
cornea, fixed  Sal  Ammoniac,  otherwife  called  Oil  of 
Lime.  Thefe  feveral  fubftances,  all  of  which  con- 
tain the  Acid  of  Sea-falt,  he  mixed  with  fundry 
matters  aboundinginPhlogifton, different  vegetable 
coals,  and  even  animal  matters,  fuch  as  the  oil  of 
hartftiorn,  human  blood,  &c.  varying  the  propor- 
tions of  thefe  fubftances  many  different  ways,  with- 
out ever  being  able  to  produce  a fingle  atom  of 
Phofphorus : which  gave  this  able  Chymift  juft 
caufe  to  fufpedt  that  the  Marine  Acid,  while  pure 
and  crude,  is  not  capable  of  combining  with  the 
Phlogifton  in  the  manner  requifite  to  form  a Phci- 
phorus  ; that  for  this  purpofe  it  isneceftary  the  Acid 
fhould  have  contracted  a previous  union  with  fome 
other  matter;  and  that  the  Acid  Pound  in  urine 
hath  probably  undergone  the  neceffary  change, 
M.  Marggraff  is  of  opinion  that  the  matter,  which 
by  its  union  renders  the  Marine  Acid  capable  of 
entering  into  the  compofition  of  Phofphorus,  is  a 
'fort  of  exceedingly  fubtile  verifiable  earth.  The 
experiments  he  made,  upon  the  Acid  of  Phofphorus 
will  fhew  that  his  notion  is  not  altogether  ground- 
lefs.  M.  Marggraff  having  let  fome  urine,  evapo- 
rated to  the  confidence  of  honey,  ftand  quiet  in  « 
cool  place,  obtained  from  it,  by  cryftalhzation, 
Salt  of  a fingular  nature.  By  diftillmg  this  urm 
afterwards,  he  fatisfied  himfelf  that  it  yielded  i inn 
much  lefs  Phofphorus  than  urine  from  which  n< 
Salt  had  been  extra&ed;  and  as  it  cannot  be  entire 
ly  deprived  of  this  Salt,  he  thinks*  that  the  ima 
quantity  of  Phofphorus,  which  this  urine  yielde 
him,  came  from  the  Salt  that  was  ftill  left  in  ic.J 
Further,  he  diftilled  this  Salt  feparate  y wit 
lamp-black,  and  obtained  from  it  a conhderab 
quantity  of  very  fine  Phofphorus.  He  even  imxt 
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Luna  cornea  with  this  Salt,  in  order  to  fee  whether 
it  would  not  increafe  the  quantity  of  his  Phofpho- 
rus  j but  without  fuccefs  : whence  he  concluded, 
that  in  this  Saline  matter  refides  the  true  Acid  that 
is  fit  to  enter  into  the  compofition  of  Phofphorus. 
This  opinion  is  confirmed  by  feveral  experiments 
on  the  Acid  of  Phofphorus,  which  he  found  to  have 
fome  properties  refembling  thofe  of  this  Salt. 

The  Acid  of  Phofphorus  feems  to  be  more  fixed 
:than  any  other:  and  therefore  if  you  would  fepa- 
. rate  it,  by  burning,  from  the  Phlogifton  with  which 
it  is  united,  there  is  no  occafion  for  fuch  an  appa- 
ratus of  vefiels  as  is  employed  for  obtaining  the 
Spirit  of  Sulphur.  For  this  Acid  will  remain  at 
the  bottom  of  the  veffel  in  which  you  burn  your 
[ Phofphorus : indeed,  if  it  be  urged  by  the  force 
of  fire,  its  mod  fubtile  part  evaporates,  and  the 
remainder  appears  in  the  form  of  a vitrified  matter. 

This  Acid  effervefces  with  fixed  and  volatile  Al- 
kalis,  and  therewith  forms  Neutral  Salts;  but 
i very  different  from  Sea-falt,  and  from  Sal-Ammo- 
-niac.  That  which  has  a fixed  Alkali  for  its  bafis 
does  not  crackle  when  thrown  on  burning  coals* 
but  fwells  and  vitrifies  like  Borax.  That  which 
: has  a volatile  Alkali  for  its  bafis  Ihoots  into  long 
; pointed  cryftals ; and,  being  urged  by  fire  in  are- 
tort,  lets  go  its  volatile  alkali,  a vitrified  matter 
remaining  behind.  This  Salt  is  like  that  above- 
mentioned,  as  obtained  from  urine  and  yielding 
Phofphorus. 

It  appears  from  the  experiments  adduced,  that 
: the  Acid  of  Phofphorus  tends  always  to  vitrifica- 
rtion;  which  proves  that  it  is  not  pure,  and' gave 
M.  Marggraff-  cauie  to  think  that  it  is  altered  by 
the  admixture  of  a very  fubtile  vitrifiable  earth. 

M.  Marggraff  alfo  obtained  Phofphorus  from 
feveral  vegetable  fubftances  which  we  ufe  every 
day  for  food.  This  gives  him  occafion  to  conjee- 

T 3 ture 
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ture  that  the  Salt  requifite  to  the  formation  of 
Phofphorus  exifts  in  vegetables,  and  gaffes  f om 
thence  into  the  animals  that  feed  upon  them. 

Lafily,  he  concludes  his  differtation  by  inform- 
ing us  of  a very  important  truth,  viz.  That  the 
Acid  obtained  from  Phofphorus,  by  burning  it, 
will  icrve  to  form  Phofphorus  anew;  for  which 
purpofe  it  need  only  be  combined  with  fome  char- 
red coal,  fuch  as  lamp-black,  and  diftilled. 

From  what  hath  been  faid  on  this  fubjeft  it  is 
plain  the  Chymifts  have  a great  many  curious  and 
interefting  enquiries  to  make  concerning  Phof- 
phorus, and  particularly  concerning  its  Acid. 

I fhall  conclude  this  article  with  an  account  of 
pertain  properties  of  Phofphorus  which  I have  not 
yet  mentioned. 

Phofphorus  diffolves  by  lying  expofed  to  the  air. 
What  water  cannot  effedt,  fays  M.  Hellot,  or  at 
leaft  requires  eight  or  ten  years  to  bring  about,  the 
moifture  of  the  air  accomplifhes  in  ten  or  twelve 
days  ; whether  it  be  that  the  Phofphorus  takes  fire 
in  the  air,  and  the  inflammable  part  evaporating, 
almoli  entirely,  leaves  the  Acid  of  the  Phofphorus 
naked,  which  like  all  other  Acids,  when  exceed- 
ingly concentrated,  is  very  greedy  of  moifture;  or 
elfe  into  infinitely  fine  particles,  is  fo  fubtile  as  to 
find  its  way  through  the  pores  of  .the  Phofphorus, 
into  which  the  groffer  particles  of  common  water 
cap  by  no  means  infinuate  themfelves. 

Phofphorus  heated  by  the  vicinity  of  fire,  or  by 
bein"  any  way  rubbed,  foon  takes  fire  and  burns 
fiercely.  It  is  foluble  in  all  Oils  and  in  Ether, 
giving  to  thofe  liquors  the  property  of  appearing 
luminous  when  the  bottle  containing  the  folution 
is  opened.  Being  boiled  in  water,  it  likewife 
communicates  thereto  this  luminous  quality.  M. 
Morin,  Profeflbr  at  Chartres,  is  the  author  of! 
this  obfervation. 
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The  late  Mr.  Grcffe,  a celebrated  Chymift,  of 
the  Academy  of  Sciences,  obferved  that  Phofpho- 
rus  being  diffolved  in  elfential  oils  cryftallizes 
therein.  °Thefe  cryftals  take  fire  in  the  air,  either 
when  thrown  into  a dry  vefifel,  or  wrapt  up  in  a 
piece  of  paper.  If  they  be  dipped  in  Spirit  of 
Wine,  and  taken  put  immediately,  they  do  not  af~ 

1 terwardstake  fire  in  the  airt  they  fmokea  Intle,  and 
ifo.raveryfhort  time,  but  hardly  wafte  at  all.  Though 
l fome  of  them  were  left  in  a fpoon  for  a fortnight, 
they  did  not  feem  to  have  loft  any  thing  of  their, 

L bulk : but  when  the  fpoon  was  warmed  a little  they 
: took  lire,  juft  like  common  Phofphorus  that  had  ne- 
ver been diflolved  and  cryftallized  in  aneffentialoil. 

M.  Marggraff,  having  put  a dram  of  Phofpho- 
r rus  with  an  ounce  of  highly  concentrated  Spirit  of 
Nitre  into  a glafs  retort,  obferved  that,  without 
t the  help  of  fire,  the  Acid  diffolved  the  Phofphorus ; 

; that  part  of  the  Acid  came  over  into  the  recipient 
\ which  was  luted  to  the  retort;  that  at  the  fame 
: time  the  Phofphorus  took  fire,  burnt  furioufly, 
and  burft  the  veffcls  with  explofion.  Nothing  of 
this  kind  happens  when  any  of  the  other  Acids, 
though  concentrated,  are  applied  to  Phofphorus, 


PROCESS  III. 

j Vo  decompose  Sea-Salt  by  means  of  the  Vitriolic  Acid, 
Glauber' s Salt.  ‘The  Purification  and  Concentra- 
tion of  Spirit  of  Salt. 

PU  T the  Sea-falt  from  which  you  mean  to  ex- 
tract the  Acid  into  an  unglazed  earthen  pipkin, 
i and  fet  it  amidft  live  coals.  The  Salt  will  decre- 
pitate, grow  dry,  and  fall  into  a powder.  Put  this 
decrepitated  Salt  into  a tubulated  glafs  retort,  leav^ 
ing  two  thirds  thereof  empty.  Set  the  retort  in  3 
reverberating  furnace;  apply  a receiver  like  that 

T 4 ufed 
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ufed  in  dift'illing  the  fmoking  Spirit  of  Nitre,  and 
lute  it  on  in  the  fame  manner,  or  rather  more  ex- 
^btly  if  pioffibL.  Then  through  the  hole,  in  the 
upper  convexity  of  the  retort,  pour  a quantity  of 
Highly  concentrated  Oil  of  Vitriol,  equal  in  weight 
to  about  a third  part  of  your  Salt,  and  immediate- 
ly Tint  the  hole  very  clofe  with  a glafs  (topple,  firft 
ground  therein  with  emery  fo  as  to  fit  it  exabtly. 

As  fbon  as  the  Oil  of  Vitriol  touches  the  Salt,  the 
retort  and  receiver  will  be  filled  with  abundance  of 
White  vapours;  and  foon  after,  without  lighting 
any  fire  in  the  furnace,  drops  of  a yellow  liquor 
will  diftil  from  the  nofe  of  the  retort.  Let  the 
diftillatibn  proceed  in  this  manner  without  fire,  as 
long  as  you  perceive  any  drops  come  : afterwards 
kindle  a very  fmall  fire  under  the  retort,  and  con- 
tinue diddling  and  raifing  the  fire  by  very  (low 
decrees,  and  with  great  cautibn,  to  the  end  of  the 
diftillation ; which  will  be  finifhed  before  you 
have  occafion  to  make  the  retort  red-hot.  U nlute 
the  veffels,  and  without  delay  pour  the  liquor, 
which  is  a very  fmoking  Spirit  of  Salt,  out  of  the 
receiver  into  a cryftal  bottle,  like  that  directed 
for  the  fmoking  Spirit  of  Nitre. 

0 B S E R V AT  10  N 

Sea-Salt,  as  hath  been  already  faid,  isaNeutral 
Salt  compofedof  an  Acid,  which  differs  from thofe 
of  Vitriol  and  Nitre,  combined  with  a Fixed  Al- 
kali that  has  tome  peculiar  properties;  but  does  not 
'vary  from  the  others  in  its  affinities.  This^  Salt 
therefore,  as  Well  asNitre,  mutt  be  decompofed  by 
the  Vitriolic  Acid  ; which  accordingly  is  the  cafe 
in  the  procefs  here  delcribed.  The  \ itriohc  Acid 
unites  with  the  Alkalihe  bafis  of  the  Sea-falt,  and 
feparates  its  Acid;  and  that  with  much  greatei  (aci- 
lity  t-han  it  ‘expels  the  Nitrous  Acid  from  its  Alka- 
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line  bafts,  becaufe  theAcidof  Sea-Sal  t hasnotfo  great 
an  affinity  as  the  Nitrous  Acid  with  Fixed  Alkalis. 

Asa  highly  concentrated  Oil  of  Vitriol  is  ufed 
on  this  occafion,  and  as  the  Sea-falt  is  previoufly 
dried  and  decrepitated,  the  Acid  obtained  from  it 
by  diftillntion  is  very  free  from  phlegm,  and  al- 
ways fmokes,  evert  more  violently  than  the  ftrong- 
eft  Acid  of  Nitre.  The  vapours  of  this  Acid  are 
all'o  much  more  elaftic  and  more  penetrating  than 
thofe  of  the  Nitrous  Acid : on  which  account 
this  diftUlation  of  the  fm'oking  Spirit  of  Salt  is 
one  of  the  moft  difficult,  moft  laborious,  and 
ipoft  dangerous  operations  in  Chymiftry. 

This  procefs  requires  a tubulated  retort,  that  the 
Oil  of  Vitriol  may  be  mixed  with  the  Sea-falt  after 
the  receiver  is  well  luted  to  the  retort,  and  not  be- 
fore : for,  as  foon  as  thefe  two  matters  come  tocre* 
ther,  the  Spirit  of  Salt  rufhes  out  with  fo  much  im- 
petuofity,  that,  if  the  veflels  were  not  luted  at  the 
time,  the  copious  vapours  that  would  ifiue  through 
the  neck  of  the  ballon  would  fo  moiften  it,  as  well 
as  the  neck  of  the  retort,  that  it  would  be  impra&i- 
cable  to  apply  the  lute  and  fecure  the  joint  as  the 
operation  requires.  Moreover,  the  operator  would 
beexpofed  to  thofe  dangerous  fumes,  which,  on  this 
occafion,  ruffiout,  andenter thelungs,  withfuchin- 
credible  activity  as  to  threaten  inftant  fuffocation. 

Having  faidfo  much  of  theelafticity  and  activity 
of  the  fumes  of  Spirit  of  Salt,  it  is  needlefs  to  in- 
mt  upon  the  neceffity  of  giving  vent  to  the  vefiels 
from  time  to  time,  by  opening  the  little  hole  of  the 
ballon  . indeed  the  beft  way  to  prevent  the  lofs  of  a 
great  many  vapours,  on  this  occafion,  is  to  employ 
adopters,  and  cover  them  with  wet  canvas,  which 
wdl  cool  and  condenfe  the  vapours  they  contain. 

When  the  operation  is  finished,  we  find  a white, 
faline  mafsat  the  bottom  of  the  retort  as  in  a mould. 
If  this  mafs  be  diffiolved  in  water,  and  the  folution 

cryftal- 
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cryftallized,  it  yields  a confiderable  quantity  of 
Sea-falt  that  hath  not  been  decompofed,  and  a 
Neutral  Salt  conliftingof  the  Vitriolic  Acid  united 
with  the  Alkaline  bafisof  that  part  which  hath  been 
decompofed.  This  Neutral  Salt,  which  beais  the 
name  of  Glauber  its  inventor,  differs  from  Vitrio- 
lated  Tartar,  or  the  Sal  de  duobus , which  remains 
after  diftilling  the  Nitrous  Acid,  efpecially  in  that 
it  is  more  fufible,  more  foluble  in  water,  and  hath 
its  cryftals  differently  figured.  But  as  in  thefe 
two  Salts  the  Acid  is  the  fame,  the  differences 
that  appear  between  them  muff  be  attributed  to 
the  peculiar  nature  of  the  bafis  of  Sea-lalt. 

Spirit  of  Salt  drawn  by  the  procefs  above  de- 
fer i bed  is  tainted  with  a fmall  mixture  of  the  Vi- 
triolic Acid,  carried  up  by  the  force  or  fire  before 
it  had  time  to  combine  with  the  Alkali  of  the  Sea- 
falt  ; which  happens  likewife  to  the  Nitrous  Acid 
procured  in  the  fame  manner.  If  you  defire  to  have 
it  pure,  and  abfolutely  free  from  the  Acid  or  1- 
triol,  it  muff  be  diftilled  a fecond  time  from  Sea- 
falt,  as  the  Acid  of  Nitre  was  before  directed  to  be 
diftilled  again  from  frefti  Nitre,  in  order  to  purify 

it  from  any  Vitriolic  taint. 

Sea-falt,  as  well  as  Nitre,  may  be  decompoied 
by  any  combination  of  the  Vitriolic  Acid  with  a 
metallic  or  earthy  fubftance  : but  it  is  proper 
to  obferve,  that  if  you  diftil  Spirit  of  Salt  by 
means  of  Green  Vitriol,  the  operation  will 
not  fucceed  fo  well  as  when  Spirit  of  Nitre  is 
diftilled  in  the  fame  manner:,  lefs  Spirit  is  ob- 
tained, and  a much  fiercer  fire  is  required. 

The  caufe  of  this  lies  in  the  property  which  the 
Acid  of  Sea-falt  pofteffes  of  diffolving  Iron,  even 

when  deprived  of  a part  of  its  Phlogifton  by  tav- 
ino-  contra&ed an  union  with  another  Acid  ; io  til 
k Ts  no  fooner  diftodged  from  its  own  bafis  by  the 
Vitriolic  Acid,  than  it  unites  with  the  ferwpous 
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bafisof  the  Vitriol,  from  which  it  cannot  be  fepa- 
rated  but  bva  moft  violent  fire.  This  is  the  con- 
fequence  more  efpecially  when  calcined  Vitriol  is 
made  ufeof:  for  moifturc,  as  we  fhall  prefently  fee, 
greatly  facilitates  the  leparationof  the  Marine  Acid 
from  thofe  fubfiances  with  which  it  is  united. 

When  you  do  not  defire  a highly  dephlegmated 
and  fmoking  Spirit  of  Sait,  you  may  diftil  with 
the  additament  of  any  earth  containing  the  Vitri- 
olic Acid  ; as  Clav,  for  inftance,  or  Bole.  To  this 
end  one  part  of  Sea  Salt,  flightly  dried  and  redu- 
ced to  a fine  powder,  mull  be  accurately  mingled 
with  two  parts  of  the  earth  you  intend  to  emp  oy 
likewife  pulverized  ; of  this  mixture  make  a ftiff 
pafte  with  a proper  quantity  of  rain  water,  and  hav- 
ing formed  little  balls  about  the  fize  of  a hazel 
nut,  let  them  dry  in  the  fun;  when  dry  put  them 
into  a (tone  or  coated  glafs  retort,  leaving  a third 
part  thereof  empty  ; fet  this  vefiel  in  a reverbe- 
rating furnace,  covered  with  its  dome;  apply  a 
receiver,  which  need  not  be  luted  on  for  fome 
time ; and  heat  the  veflfels  very  flowly.  At  firft 
an  in fi'pid  water  will  rife ; which  muft  be  thrown 
away  : afterwards  the  Spirit  of  Salt  will  appear  in 
white  clouds.  Now  lute  yoqr  veflels,  and  raife 
the  fire  by  degrees ; which  towards  the  end  mud 
be  puttied  to  the  utmoft  extremity.  The  operation 
is  known  to  be  finilhed  when  no  drops  fall  from  the 
nofe  of  the  retorr,  the  receiver  cools,  and  the 
white  vapours  that  filled  it  are  feen  no  more. 

f he  Spirit  of  Salt  obtained  by  the  procefs  here 
delivered  does  not  lmoke,  and  containsmuch  more 
phlegm  than  that  which  is  diftilled  by  means  of 
the  concentrated  Oil  of  Vitriol ; becaufe  the  earth 
though  dried  in  the  fun,  ftil]  retains  a great  deal  of 
mo 1 ft  ure,  which  commixes  with  the  Acid  of  theSea- 
lalt.  Confequently  it  is  much  eafier  to  colled  its 
vapours ; fo  that  this  operation  is  attended  with 

rnuch 
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much  lefs  trouble  than  the  other.  Neverthelefs  it  is 
advifeable  to  proceed  gently ; to  apply- budittleheat 
at  firft,  and  to  unftop  every  now  and  then  thefmal! 
hole  of  the  receiver  : for  a quantity  of  the  vapours 
of  Spirit  of  Salt,  even  when  weakened  by  the  ad- 
mixture of  water,  is  very  apt  to  bur  ft  the  veftels. 

A much  greater  degree  of  fire  is  necefiary  to 
raife  the  Spirit  of  Salt  by  this  latter  procefs,  than 
by  that  in  which  the  pure  Vitriolic  Acid  is  em- 
ployed : for,  as  fall  as  the  Spirit  of  Salt  is  diftodged 
from  its  own  bafts,  by  the  Vitriolic  Acid  contained 
in  the  earth  made  ufe  of,  part  of  it  joins  that  earth, 
and  cannot  be  feparated  from  it  without  the  moft 
violent  heat. 

A Spirit  of  Salt  that  ftiall  not  fmoke  may  alfo 
be  obtained  by  means  of  the  pure  Vitriolic  Acid. 
Spirit  of  Vitriol,  or  Oil  of  Vitriol,  lowered  with 
a good  deal  of  water,  will  do  the  bufinefs. 

Some  Chymiftsdirecftalittle  water  to  be  placed  in 
the  receiver,  when  Spirit  of  Salt  is  to  be  diftilledby 
the  intermedium  of  concentrated  Oil  of  Vitriol, in  or- 
der to  make  the  acid  vapours  condenfe  more  readily. 
By  this  means  indeed  iome  of  the  inconveniencies 
attending  the  diftillation  of  fmoking  Spirit  of  Salt 
may  be  avoided  1 but  on  the  other  hand,  the  acid 
vapours  being  abfolutely  fufftocated  by  the  water  as 
faft  as  they  come  over,  the  Spirit  of  Salt  obtained 
by  this  method  will  be  no  lefs  aqueous  than  that 
procured  by  the  interpofttion  ot  earths:  fothat  here 
is  an  experice  to  no  manner  of  purpofe.  Therefore, 
when  a Spirit  of  Salt  is  deftred  that  ftiall  not  lmokt, 
it  is  beft  to  employ  aQ  additament  of  earth;  and 
that  fo  much  the  rather,  as  the  Marine  Acid  ob- 
tained by  this  means  is  purer  and  freer  from  any 
Vitriolic  taint,  for  the  reafons  already  aiftgned. 

Part  of  the  Acid  of  Sea-ialt  may  be  iepaiated 

from  its  Alkaline  bafts  by  the  force  of  fire  alone, 

without  the  intervention  of  any  other  body.  With 

this 
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this  view  theSalt  muft  be  put  into  the  retort  without 
being  dried.  At  firft  an  infipid  water  riles  ; but  it 
gradually  becomes  acid,  and  hath  all  the  properties 
of  fpirit  of  Salt.  When  the  Salt  in  the  retort  is 
grown  perfectly  dry,  nothing  more  can  be  forced 
overby  any  degree  of  heat  whatever.  If  you  would 
obtain  more  Acid  from  the  fame  Salt,  you  mull  take 
it  out  of  the  retort,  where  you  will  find  it  in  a lump, 
reduce  it  to  powder,  and  expofe  it  to  the  air  for 
lome  time,  that  it  may  attract  the  moifture  thereof ; 
or  elfe  wet  it  at  once  with  fome  rain  water,  and  dif- 
til  as  before.  You  will  again  have  an  infipid  water, 
and  a little  Spirit  of  Salt ; which  will  in  like  manner 
ceafe  to  rile  when  the  Salt  in  the  retort  becomes  dry. 
This  operation  may  be  repeated  as  often  as  fhall  be 
thought  proper:  and  perhaps  it  may  bepoffible  to 
decompofeSea-falt  entirely  by  means  thereof,  with- 
out the  interpofition  of  any  other  body.  The  Spirit' 
of  Salt  thus  obtained  is  exceeding  weak,  in  final! 
quantity,  and  loaded  with  much  water. 

This  experiment  proves  that  moifture  greatly  fa- 
cilitates  the  feparation  of  the  Acid  of  Sea-falt  from 
the  matters  with  which  it  is  united  : and  this  is  the 
realon  that,  in  diftilling  Spirit  of  Salt  with  the  ad- 
ditament  of  an  earth,  the  operation  requires  much 
lefs  fire  at  the  beginning,  while  the  earth  and  fait 
retain  a great  deal  of  humidity,  than  towards  the 
end,  when  they  begin  to  grow  dry. 

After  the  operation  there  remains  in  the  retort  a 
fabne  and  earthy  mafs,  which  contains,  1.  Some 
entire  Sea-falt^that  has  fullered  no  decompofition  ; 
2*  A Giauber  s Salt  which  is,  as  we  laid  before  a 
Neutral  Salt  confiding  of  the  Vitriolic  Acid  united 
with  the  Alkaline  bafis  of  the  Sea-falt,  from  which 
it  hath  expelled  its  proper  Acid 3.  Part  of  the 
earth  ufed  as  an  intermedium.  Hill  retaining  a por- 
non  of  Its  original  Vitriolic  Acid, which,  happening 
not  to  lie  near  enough  to  any  particles  of  Sea-falt, 

could 
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could  not  exert  its  power  in  decoropofing  them,  and 
fo  remains  united  with  its  earthy  bafis;  4.*  Another 
part  of  the  fame  earth,  impregnated  with  fome  of 
the  Marine  Acid,  which  combined  therewith  upon 
beingexpelled  from  its  Alkaline  bafis  by  theVitrioiic 
Acid, and  which  theforceof  fire  v;asunable  tofeparate 
from  it  when  thematterswere  grown  perfedlly  dry.  In 
confequenceof  what  rema'i  ns  in  this  caput  mortuum , if 
the  whole  mafs  be  triturated,  moiftened  with  a little 
water,  and  diflilled a fecond  time,  confiderably  more 
Spirit  of  Salt  will  be  obtained  from  it:  and  the  fame 
is  to  be  faid  of  all  diftillations  of  this  fort. 

Spirit  of  Salt  obtained  by  the  means  of  any  other 
additament  than  concentratedOil  of  Vitriol  is  gene- 
rally very  weak  : but  it  may  be  dephlegmated  and 
concentrated,  if  required,  much  in  the  fame  man- 
ner as  Oil  of  Vitriol.  For  this  purpofe  you  muft 
put  it  into  a glafscucurbit,  fet  it  in  a balneum  marine, 
fit  thereto  a head  and  a receiver,  and  with  a mode- 
rate degree  of  heat  draw  offone  third  or  one  halt  of 
the  liquor.  What  comes  over  into  the  receiver  will 
be  the  moil  aqueous  part,  which  being  the  lighted: 
will  rife  firft,  impregnated  however  with  a little 
acid:  in  the  cucurbit  will  be  left  a concentrated  Spi- 
rit of  Salt,  or  the  mpft  acid  part;  which  being  the 
heavieft  will  not  rife  with  the  degree  of  heat  that  is 
capable  of  carrying  up  the  phlegm.  Spirit  of  Salt 
thus  concentrated,  called  alio  Oil  of  Salt,  does  not 
fmoke  : it  is  of  a yellow  colour  inclining  to  green, 
and  an  agreeable  fmell,  not  unlike  that  of  faffron. 

PROCESS  IV. 
cIo  decompofe  Seafalt  by  means  of  the  Isitrous  Acid . 

Aqua  regis.  Quadrangular  Nitre. 

rT^AKE  dried  Sea-falt : bruife  it  to  powder:  put 
it  into  a glafs-retort,  leaving  one  half  of  the 
vefTel  empty.  Pour  upon  it  a third  of  its  weight 
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of  good  Spirit  of  Nitre.  Place  your  retort  in  the 
fand-bath  of  a reverberating  furnace;  put  on  the 
dome  ; lute  to  the  retort  a receiver  having  a fmall 
hole  in  it,  and  heat  the  veffels  very  fiowly.  There 
will  come  over  into  the  receiver  fome  vapours,  and 
an  acid  liquor.  Increafe  the  fire  gradually  till  no- 
thing morerifes.  Then  unlute  the  veffels,  and  pour 
the  liquor  out  of  the  receiver  into  a cryftal  bottle, 
flopped  like  others  containing  Acid  Spirits. 

OBSERVATIONS. 

The  Nitrous  Acid  hath  a greater  affinity  than  the 
Marine  Acid  with  Fixed  Alkalis.  When  therefore 
Spirit  of  jJitre  and  Sea-falt  are  mixed  together,  the 
fameconfeauences,  in  fomemeafure,  will  follow,  as 
when  the  Vitriolic  Acid  is  mixed  with  that  Saltj 
that  is,  the  Nitrous  Acid  will,  like  the  Vitriolic, 
decompofe  it,  bydiffodging  its  Acid  from  its  Al- 
kaline balls,  and  affuming  its  place.  But  as  the 
Nitrous  Acid  is  confiderably  weaker,  and  much 
lighter,  than  the  Vitriolic  Acid  ; a good  deal  of  it 
rifes  along  with  the  Acid  of  Sea-falt  during  the 
operation.  The  liquor  found  in  the  receiver  is 
therefore  a true  Aqua  regis. 

If  decrepitated  Salt,  and  aright  fmoking  Spirit  of 
Nitre,  be  employed  in  this  procefs,  the  Aqua  regis, 
obtained  will  be  veryftrong  ; and  during  the  ope- 
ration very  elaftic  vapours  will  rufh  out  and  burfl 
the  veffels,  if  thofe  precautions  be  not  taken  which 
we  pointed  out  as  neceffary  in  diflilling  theSpirit  of 
Nitre,  and  the  fmoking  Spirit  of  Salt. 

The  operation  being  finifhed,  there  is  left  in  the 
retort  a faline-mafs,  containing  Sea-falt  not  decom- 
pofed,  and  a new  fpecies  of  Nitre,  which  having 
for  its  balls  the  Alkali  of  Sea-falt,  that  is,  as  we 
have  feveral  times  obferved.  an  Alkali  of  a peculiar 
nature,  differs  from  the  common  Nitre,  i‘.  In  the 
figure  ol  its  cryflals  j which  are  folids  of  four  (ides, 

formed 
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formed  liked  lozenges : 2 . In  that  it  cryftallizes'with 
more  difficulty,  retains  more  water  in  its  cryftals, 
attracts  the  moifture  of  the  dir,  and  diffolves  in  wa- 
ter with  the  fame  circumftances  as  Sea-falt. 


CHAP.  IV, 

Of  B O R A X, 


PROCESS  IV. 

<2'0  decompofe  Borax  by  the  means  of  Acids)  and  to  fe- 
par  ate  from  it  the  Sedative  Salt  by  fublimation  and 
by  cry  ft  alligation. 

Re  DUCE  to  a fine  powder  the  Borax  from 
which  you  intend  to  extract  the  Sedative  Salt. 
Put  this  powder  into  a wide-necked  _ glais  retort. 
Pour  upon  it  an  eighth  part  of  its  weight  of  com- 
mon water,  to  moiften  the  powder ; and  then  add 
concentrated  Oil  of  Vitriol,  to  the  weight  of  fome. 
what  more  than  a fourth  part  of  the  weight  of  the 
Borax.  Set  the  retort  in  a reverberatory,  make  a 
moderate  fire  at  firft,  and  augment  it  gradually  till 

the  retort  become  red-hot. 

A little  phlegm  will  firft  come  over,  and  then 
with  the  laft  moifture  that  the  heat  expels  the  Se- 
dative Salt  will  rife;  by  which  means  fome  of  it  will 
be  diffolved  in  this  laft  phlegm,  and  pafs  therewith 
into  the  receiver;  but  moft  ofit  will  adhere  in  the  form 
of  fali  ne  flowers  to  the  fore-partof  the  neck  of  the  i e- 
tort,  i uft  where  it  is  clear  of  the  groove  of  the  furnace. 
There  they  colledt  into  a heap,  which  the  iucceeding 
flowers  puffi  infenfibly  forward  till  they  fiignt  } op 
the  paftape.  Thofe  which  rife  after  the  neck  is  thus 
ftopped  flick  to  the  after-part  ofit  which  is  hot,  vi- 

3 


Practice  of  Chymistry.  2S9 

trify  in  fame  meafure,  and  form  a.  circle  of  fufcd 
Sait.  In  this  ft'ate  the  flowers  of  the  Sedative  Salt 
kem  to  ilTue  out  of  the  circle,  as  from  their  bafis  : 
they  appear  like  very  thin,  light,  fhining  fcales, 
and  mult  be  brufhed  off  with  a feather. 

At  th«b  bottom  of  the  retort  will  be  left  a faline 
mals:  diifolve  this  in  a fufficicnt  quantity  of  hot 
water  ; filter  the  folution  in  order  to  free  it  from  a 
L brown  earth  which  it  depolites  ; fet  the  liquor  to 
evaporate,  and  cryffals  of  Sedative  Salt  will  form 
n it.  ■ . , / 


OBSERVATIONS. 

Though  Borax  is  or  great  ufe  in  many  chymical 
)peranons,  elpecially  in  the  fufion  of  metals,  as  we 
1 ha"  have  occafion  to  fee,  yet  till  of  late  years  Chy- 
mi Its  were  quite  ignorant  ofits  nature,  as  they  ffill 
il,re  °*  on"g,n;  concerning  which  we  know  no- 
ningwth  certainty,  but  that  it  comes  rough  from 
he  Taft  Indies,  and  is  purifled  bv  the  Dutch 
M.  Homberg  was  one  of  the  firft  that  attempt- 
’d to  analyle  this  Salt.  He  (hewed  that  on  miSdnc 
>t  with  the  Vitriolic  Acid,  and  diddling  the  mix- 
mre,  a lalt  lublimes  in  little  fine  needles.  This 
>rodu£t  of  Borax  he  called  by  the  name  o {Sedative 
\a  l>  .becaule  he  found  it  had  the  property  of  mo- 
bating  the  great  tumult  and  heat  of  the  blood  in 


■ V !VI'  Homberg  other  Chymids  alfoexerci- 

C,  -p"  V-  VCSi0n  Borax-  M-  Cemery  difeovered 

ikfl’be'i  ‘C  'S  S0,' the  onI5r  Acid  by  means  ol 

■ nch  the  sedative  Salt  may  be  obtained  from  Bo- 

ax;  butthat  either  of  theothertwo  Mineral  Acids 

M 'r°Uff°r  l",~  IyIaf'nC)  may  be  11  r«l  in  its  dead! 
M.  Geoffrey  hath  greatly  facilitated  the  means 
f obtaining  tile  SedattveSalt  from  Bora*;  having 

'eUas  bvVutbTay  t"  by  cryftalliza«on  al 

Vol.  j.fb0ni  and  that  the  Sedative  Sait 
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lb  obtained  is  in  no  refpeCt  inferiour  to  that  which 
was  procured  before  by  fublimation  only.  To 
him  alfo  we  are  indebted  for  the  difcovery  that  in 
the  compofition  of  Borax  there  is  an  Alkaline  Salt  , 
of  the  fame  nature  as  the  bafis  of  Sea-falt.  This  ' 
he  found  by  obferving  that  he  got  a Glauber  s | 
Salt  from  a folution  of  Borax  into  which  he  had 
poured  fome  Vitriolic  Acid  with  a view  to  obtain 
its  Sedative  Salt. 

• Laftly,  M.  Baron,  whom  we  mentioned  before 
onoccafionof  thisSalt,hathproved,bya  greatnum- 
ber  of  experiments,  that  a Sedative  Salt  may  be  pro- 
cured from  Borax  by  the  help  of  Vegetable  Acids, 
which  was  never  done  by  any  body  before  him  ; that 
the  Sedative  Salt  is  not  a combination  of  an  Alka- 
line matter  with  the  Acid  made  ufe  of  in  extracting 
it,  as  fome  of  itsproperties  feemed  to  indicate;  but 
that  it  exiftsprevioufly  and  completely  formed  in  the 
Borax;  that  the  Acid  employed  to  extra#  it  only- 
helps  to  difengage  it  from  the  Alkali  with  which  it 
is  united ; that  this  Alkali  is  actually  of  the  fame 
nature  as  the  bafis  of  Sea-falt,  becaufe  that  after  ex- 
tra&ingthe  Sedative  Salt, which  byits  union  there- 
with forms  the  Borax,  a Neutral  Salt  is  found,  of 
the  fame  fort  with  that  which  would  be  produced  by 
combining  the  bafis  of  Sea-falt  with  the  particular 
Acid  made  ufe  of;  that  is,  if  with  the  Vitriolic 
Acid,  a Glauber’s  fait;  if  with  the  Nitrous  Acid,  a 
quadrangular  Nitre ; and  if  with  the  Marine  Acid, 
a true  Sea-falt;  and  laftly,  that  the  Sedative  Salt  may 
be  re-united  to  its  Alkali,  and  re-produce  a Borax. 

Nothing  therefore  now  remains,  to  give  us  all  the 
infio-ht  we  can  defire  into  the  nature  of  Borax,  buG 
to  know, what  the  Sedative  Salt  is.  M.  Baron  hath 
already  given  us  certain  negative  notices  concern^ 
in  g it,  by  fhewing  what  it  is  not ; that  is,  that  th* 
Acid  employed  in  its  extraction  doth  not  entel 
into  its  compofition.  We  have  great  reafon  to  hopi 
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that  he  will  carry  his  enquiries  dill'  further,  and 
clear  up  all  our  doubts  on  this  fubjedi. 

The  Sedative  Salt  may  be  extradted  from  Borax, 

■ not  only  by  the  means.ofpure  and  fimple  Acids,  but 
alfo  by  thefame  Acids  combined  with  ametallic  ba- 
lls. Thus  Vitriols,  for  inftatlce,  may  be  employed 
foj*  this  purpofe  with  good  fuccefs.  It  is  eafy  to  fee 
that  the  Vitriol  mud  be  decompofedon  thisoccali- 
on,  and  that  its  Acid  cannot  unite  with  theAlkali 
in  which  the  Sedative  Salt  is  lodged,  without  quitting 
its  metallic  balls,  which  mud  of  courfe  precipitate. 

1 he  Sedative  Salt  actually  fublimes,  when  a li- 
quid containing  it  is  diddled  ; but  it  does  not 

■ Therefore  follow  that  it  is  naturally  volatile.  It 
riles  only  by  the  aid  of  the  water  with  which  it  is 
mixed,  rhe  proof  of  this  afiertion  is,  that,  when 
.all  tne  humidity  of  the  mixture  containing  this 
'Salt  is  didipated,  no  more  Salt  will  rife,  be  theTre 
;sver  fo  violent ; and  that  by  adding  more  water  'to 

noiden  the  dried  mafs  containing  it,  more  Salt 
kivili  every  time  be  obtained,  through  many  repeat- 
ed didillations.  In  the  lame  'manner,  if  fome 
'Sedative  Salt  be  moidened,  and  expofed  to  a pro- 
ler  degree  of  heat,  a fmall  quantity  thereof  will 
.ife  at  fird  by  the  help  of  the  water;  ,but  as  foon 

-z  Srows  ^ry  it  remains  exceedingly  fixed. 
This  obfervation  we  owe  to  M.  Rouelle. 

. r ^ ^Jadve  Salt  hath  the  appearance  and  the 
fade  of  a Neutral  Salt : it  does  not  change  the  co- 
lour of  the  juice  of  violets  ; nor  does  it  eafily  dif- 
tolve  in  water  ; for  it  requires  a quart  of  boilina 
'water  to  diffolve  two  ounces  of  it:  yet,  with  re- 
paid to  Alkalis,  it  has  the  properties  of  an  Acid  • 
t unites  with  thofe  falts,  forms  therewith  a faline 
rompound  which  crydallizes,  and  even  expels  the 
'^cids  that  happen  to  be  combined  with  them  ; fo 
Tat  lt  decompofes  the  fame  Neutral  Salts  that  are 
decompofed  by  the  Vitriolic  Acid. 

U 2 The 
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The  Sedative  Salt,  when  fuddenly  expofed  to  the 
violent  heatofa  naked  fire,lofes  near  half  its  weight, 
melts,  puts  on  and  retains  the  appearance  of  glafs ; 
but  its  nature  ftill  remains  unchanged.  This  giafs 
diffolyes  in  water,  and  fhoots  anew  into  cryftals  of 
Seciative  Salt.  This  Salt  communicates  to  the  Al- 
kaline fait  with  which  it  is  united,  when  in  the  form 
of  Borax,  the  property  of  melting  with  a moderate 
heat,  and  forming  a kind  of  glafs ; and  ’tis  this 
great  fufibility  that  recommends  the  frequent  ufe 
of  Borax  as  a flux  for  allaying  ores.  It  is  ailo  em- 
ployed fometimes  as  an  ingredient  in  the  compo- 
fltion  of  glafs;  but,  in  time,  it  always  communi- 
cates thereto  the  fault  which  its  own  glafs  hath, 
namely,  that  of  tarnilhing  with  the  air.  The  Se- 
dative Salt  hath,  moreover  the  Angular  property  of 
diflfolving  in  Spirit  of  Wine,  and  of  giving  to  its 
flame,  when  fet  on  fire,  a beautiful  green  colour. 
All  thefe  obfervations  we  owe  to  Meff.  Geoffroy 
and  Baron. 

M.  Geoffroy  prepares  the  Sedative  Salt  by  crys- 
tallization only,  in  the  following  manner.  ct  He 
« difiolves  four  ounces  of  refined  Borax  in  a fuffi- 
<c  cient  quantity  of  warm  water,  and  then  pours 
<c  into  the  folution  one  ounce  and  two  drams  of 
« highly  concentrated  Oil  of  Vitriol,  which  makes 
<c  a crackling  noife  as  it  falls  in.  When  this  mix- 
« ture  has  flood  evaporating  for  fome  time,  the 

Sedative  Salt  begins  to  make  its  appearance  in 
“ little,  fine,  fhining  plates,  floating  on  the  fur- 
« face  of  the  liquor.  The  evaporation  is  then  to 
« be  flopped,  and  the  plates  will  by  little  and  little 
“ encreafe  in  thicknefs  and  breadth.  They  unite 

together  into  little  tufts,  forming  with  each 
“ other  fundry  different  groups.  _ If  the  vehel  be 
rc  ever  fo  little  ftirred,  the  regularity  ot  the  cryltals 
« will  be  difturbed ; fo  that  it  muff:  not  be  touched 

<c  till  the  cryftallization  appears  to  be  finifned. 
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The  crystalline  chillers,  being  grown  too  bulky 
and  too  heavy,  will  then  fall  of  themfelves  to 
the  bottom  of  the  vefTel.  This  being  obferved, 
the  faline  liquor  muft  be  gently  decanted  from 
thofe  little  cryftals,  which,  is  they  are  not  eafily 
dift'olved,  mult  be  walked  clean,  by  pouring  cold 
water  (lowly  on  the  fides  of  the  pan,  three  or  four 
times  fucceftively,  in  order  to  rinfe  out  all  re- 
mains of  the  faline  liquor,  and  then  fet  firft  to 
drain,  and  afterwards  to  dry  in  the  fun.  This 
Sai  t,  in  the  form  of  light  flakes  of  fnow,  is  now 
foit  to  the  touch,  cool  in  the  mouth,  Slightly 
bitter,  crackling  a little  between  the  teeth,  and 
leaving  a fmall  impreffion  of  acidity  on  the 
tongue.  It  will  keep  long  without  giving  or 
calcining,  if  managed  according  to  the  preced- 
ing directions ; that  is,  if  it  be  exaCtly  freed 
from  its  faline  liquor. 

“ It  differs  from  the  Sedative  Salt  obtained  by 
fublimation  in  this  refpeft  only,  that  notwith- 
ftanding  its  feeming  lightnefs  it  is  a little  heavier 
than  the  other.  M.  Geofrroy  fuppofes  the  caufe 
of  this  weight  to  be,  that,  as  feveral  of  the  thin 
plates  adhere  together  in  cryftallizing,  they  re- 
tain between  them  fome  fmall  matter  of  humi- 
dity; or,  if  you  will,  that,  as  they  form  larger 
cryftals,  they  prefent  lefs  furface  to  the  air  which 
elevates  light  bodies:  whereas, on  the  contrary, 
tne  other  Sedative  Salt,  being  driven  up  by  the 
force  of  fire,  rifes  into  the  head  of  the  cucurbit 

in  a more  futile  form,  having  its  particles  much 
more  expanded  and  divided. 

M.  GeofEroy,  having  put  his  Sedative  Salt 
made  by  cryftallization  to  all  the  fame  trials  with 
that  made  by  fublimation,  fatisfied  himfdf  that 
there  is  no  other  difference  between  the  two.. 
If  the  Sedative  Salt  made  by  cryftallization  hap- 
pens to  calcine  in  the  fun;  that  is,  if  its  luftre 

^ 3 <c  tarnifhes, 
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ec  tarnifhes,  and  it?  furface  grows  mealy,  ’tls  a fign 
l<  that  it  ftill  contains  either  a little  Borax  or  fome 
<f  Glauber’s  Salt:  for  thefe  two  Salts  are  apt  to 
<f  calcine  in  this  manner,  and  pure  Sedative  Salt 
t(  Ihould  not  be  fubjedt  to  this  inconvenience.  In 
cf  order  to  purify  it,  and  free  it  entirely  from  thofe 
<c  Salts,  it  muft  be  diflolved  once  more  in  boiling 
ic  water.  As  foon  as  the  water  cools,  the  Sedative 
<c  Salt  re-appears  in  light,  fhining,  crystalline 
<f  plates,  fwimming  in  the  liquor.  After  ftand- 
Cf  ing  four-and-twenty  hours,  the  liquor  muft  be 
{<  decanted,  and  the  fait  wafhed  with  frelh  water; 
“ by  which  means  it  will  be  very  pure  and 

beautiful.” 

Glauber’s  Salt  and  Borax  diftolve  in  water  with 
vafdy  more  eafe  than  the  Sedative  Salt,  and  confe- 
quently  do  not  cryftallize  fo  readily  by  much:  fo 
that  the  fmall  portion  of  thofe  falts,  which  may 
have  been  left  on  the  furface  of  the  Sedative  Salt, 
being  diffufed  through  a large  quantity  of  water, 
continues  in  a ftate  of  folution,  while  the  Sedative 
Salt  cryftallizes ; which  being  alfo  walhed  after- 
wards with  fair  water,  it  is  impoftible  that  the 
fmalleft  particle  of  thofe  other  Salts  Ihould  remain 
adhering  to  it ; and  confequently  this  muft  be 
deemed  an  excellent  way  of  purifying  it. 


SEC 
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SECTION  II. 

Of  Operations  on  Metals. 


CHAP.  I. 

Of  Gold. 


PROCESS  I. 

Y ' . / ■ - 

T 0 feparate  Gold,  by  Amalgamation  with  Mercury, 
from  the  Earths  and  Stones  with  which  it  is  found 
mixed. 

PULVERIZE  the  earths  and  hones  contain- 
ing Gold.  Put  the  powder  into  a little  wooden 
tray;  dip  this  tray  in  water,  gently  fhaking  it  and 
its  contents.  The  water  will  grow  muddy,  by  taking 
up  the  earthy  parts  of  the  ore.  Continue  wafhing  it 
in  this  manner  till  the  water  ceafe  to  appear  turbid. 
U pon  the  ore  thus  walhed  pour  ftrong  vinegar,  hav- 
ing firft  diffolved  therein,  by  the  help  of  heat,  about 
a tenth  part  of  its  weight  of  alum.  The  powder 
muft  be  quite  drenched  and  covered  with  this  liquor, 
and  fo  left  to  hand  for  twice  twenty-four  hours. 

Decant  the  vinegar,  and  walh  your  powder  with 
v/arm  water,  till  the  laft  that  comes  offhath  no  tafte: 
then  dry  it,  and  put  it  into  an  iron  mortar,  with 
four  times  its  weight  of  Quick-filver : triturate  the 
whole  with  a heavy  wooden  peftle,  till  all  the  pow- 
der be  of  a blackifh  colour:  then  pour  in  a little 
water,  and  continue  rubbing  for  fome  time  longer. 
More  earthy  and  heterogeneous  particles  will  be  fe- 
parated  from  the  metalline  parts  by  means  of  this 

U 4 -water. 
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v/ater, which  will  look  dirty:  itmuft  then  be  decant- 
ed, and  more  fair  water  added.  Repeat  this  feveral 
times 5 then  dry  what  remains  in  the  mortar  with  a 
fponge,  and  by  the  help  of  a gentle  heat : you  will 
find  it  an  Amalgam  of  the  Mercury  with  the  Gold. 

Put  this  Amalgam  into  a chamoy  bag:  tie  a knot 
on  its  neck,  and  iqueeze  it  hard  between  your 
fingers,  over  fome  wide-mouthed  vcfiel  5 there  will 
iiTue  through  the  pores  of  the  leather  numberlefs 
little  jets  of  Mercury,  forming  a fort  of  fhower,  that 
will  colled:  into  large  globules  in  the  veffel  placed 
underneath.  When  you  can  force  out  no  more  Mer- 
cury by  this  means,  open  the  bag,  and  in  it  you 
will  find  the  Amalgam  freed  from  the  fuperfluous 
jMercury  ; the  pold  retaining  only  about  as  much 
thereof  as  nearly  equals  itfelf  in  'weight.  1 

Put  this' Amalgam  into  a glafs  retort;  let  this  re- 
tqrt  in  the  land-bath  of  a reverberating  furnace  co- 
ver  it  quite  over  with  fand  ; apply  a glals  receiver 
hajf  full  of  water;  fo  that  the  nole  of  the  retort  may 
be  under  the  water.  The  receiver  need  not  be  luted 
to  the  retort.  Give  a gradual  heat,  and  raife  the 
fire  till  drops  of  the  fublimed  Mercury  appear  in 
the  neck  of  the  retort,  and  fall  into  the  water  with 
a hilling  noife.  If  you  hear  any  noile  in  the  retort, 
flacken  your  fi  e a little.  Laftly,  when  you  obferve 
that,  though  you  raife  the  fire  flill  higher  than  be- 
fore, nothing  more  will  come  over,  take  out  your 
retort,  break  it,  and  there  you’ will  find  the  Gold, 
which  muft  be  melted  in  a crucible  with  Borax. 

OBSERVATIONS. 

Gold  is  a perfect  metal,  which  can  by  no  means 
be  deprived  of  its  Phlogifton,  and  on  which  few, 
even  of  the  moll  powerful  chymical  lol vents,  have 
any  effed : and  therefore  it  almoft  always  hath  its 
metalline  form  when  found  in  the  earth;  from  which 
it  may  fometimes  be  feparated  by  fimple  lotion. 


Practice  of  Chymistry.  297 

The  Gold  duft  found  in  the  finds  of  certain  rivers 
is  of  this  kind.  When  it  refides  in  ftones,  or  tena- 
cious earths,  it  may  be  extracted  by  the  procefs 
here  delivered  ; to  wit,  by  Amalgamation,  or  com- 
bination of  Mercury  with  the  Gold.  Mercury  is 
incapable  of  uniting  with  any  earthy  fubftances, 
not  even  with  the  metallic  earths,  when  they  are 
deprived  of  their  Phlogifton,  and  confequently 
have  not  the  metalline  form. 

Hence  it  follows  that  when  Mercury  is  triturated 
with  particles  of  Gold,  of  earth,  and  of  ftone,  min- 
gled together,  it  unites  with  the  Gold,  and  leparates 
it  from  thofe  heterogeneous  matters.  Yet,  if  there 
be  along  with  the  Gold  any  other  metal,  in  its  me- 
talline form,  except  Iron,  the  Mercury  will  amalga- 
mate with  that  alfo.  This  often  happens  to  Silver, 
which  being  a perfect  metal  as  well  as  Gold,  is  for 
that  reafon  fometimes  dug  up  in  its  metalline  form, 
and  even  incorporated  with  Gold.  When  this  is 
the  cafe,  the  mafs  that  remains  in  the  retort,  after 
aburafling  the  Mercury  of  the  Amalgama.,  is  a 
compound  of  Gold  and  Silver,  which  are  to  be 
feparated  from  each  other  by  the  methods  we  iliall 
give  for  that  purpofe.  The  prefent  procefs  is 
therefore  applicable  to  Silver  as  well  as  Gold. 

Sometimes  Gold  is  intimately  combined  with 
fuen  mineral  matters  as  hinder  the  Mercury  from 
acting  upon  it.  In  that  cafe  the  mixed  mafs  mult 
be  roafted  before  you  proceed  to  Amalgamation  : 
f or  if  the  matters  be  volatile,  fuch,  for  inftance,  as 
antimony  or  arfenic,  the  fire  will  carry  them  off; 
10  that  after  roafting,  the  Amalgamation  will  fuc- 
ceeo.  But  fometimes  thefe  matters  are  fixed,  and 
require  fufion  ; if  fo,  recourfe  muft  be  had  to  fome 
particular  methods,  which  we  (hall  deferibe  when 
we  come  to  treat  of  Silver,  as  thefe  two  perfect 
metals  are  to  be  treated  in  the  fame  manner. 

Ores 
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Ores  containing  Gold  mud  be  wafhed  before  an 
Amalgam  is  attempted  ; that  the  metalline  parts,  be- 
ing freed  from  the  numerous  particles  of  earth  with 
which  they  are  encompaffed,  may  the  more  readily 
incorporate  with  the  Mercury.  Befides,  it  is  the 
property  of  Mercury  to  take  the  form  of  a dark 
unmetallic  powder,  after  being  long  rubbed  with 
other  matters,  lb  that  it  cannot  be  eafily  diftin- 
guifhed  from  the  particles  of  earth.  And  hence,  if 
you  (till  continue  to  grind  the  matters  together, 
after  the  Amalgamation  is  compleated,  and  wafh 
them  again  and  again,  the  water  that  comes  off  will 
always  lock  turbid,  being  impregnated  with  fome 
particles  of  the  Amalgam.  This  is  eafily  proved  : 
for  if  you  let  the  turbid  water  fettle,  and  diftil  the 
fediment,  yo.u  will  obtain  Quick-Giver  from  it.- 

The  ore  is  to  be  fleeped  in  vinegar  charged  with 
alum,  in  order  to  cleanfe  the  lurface  of  the  Gold, 
which  is  often  covered  with  a thin  coat  of  earth 
that  obfli  u6ls  the  Amalgamation. 

Great  care  mu  ft  be  taken  that  the  Mercury,  em- 
ployed in  this  operation  be  very  pure.  If  it  be 
adulterated  with  any  metallic  fubfiance,  it  muff 
be  freed  therefrom  by  tire  methods  which  we  fhall 
propofe  in  their  proper  place. 

The  way  of  leparating  Mercury  from  Gold  is 
founded  on  the  different  properties  ofthefe  two  me- 
tallic fubftances ; the  one  being  exceedingly  fixed, 
and  the  other  very  volatile.  The  union  whichMercu- 
ry  contra 6ts  with  the  metals  is  not  intimate  enough, 
to  mve  the  new  compound  which  refults  therefrom 
ail  the  properties  of  either  of  the  two  united  fub- 
ftances ; at  leaft  fo  far  as  concerns  their  degrees  of 
fixity  and  volatility.  Hence  it  comes  that,  in  our 
Amalgam,  the  Gold  communicates  but  very  iittie 
of  its  fixity  to  the  Mercury,  and  the  Mercury  com- 
municates to  the  Gold  but  very  little  of  its  volati- 
lity. Yet  if  the  Mercury  be  diftilled  off  with  a 
- 1 ' mucl^. 
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much  greater  degree  of  heat  than  is  necefiary  to 
elevate  it,  a pretty  confiderable  quantity  of  G'old 
will  mod:  certainly  be  carried  up  along  with  it. 

It  is  alfo  of  confequence,  on  another  account,  that 
the  fire  be  duly  governed  on  this  occafion.  For 
if  too  great  a degree  of  heat  be  applied,  and  the  fire 
afterwards  lowered,  the  water  in  the  receiver,  which 
covers  the  nofe  of  the  retort,  will  rife  into  its  body, 
break  it  to  pieces,  and  fpoil  the  operation. 

The  caufe  of  this  phenomenon  depends  on  the 
property  which  air  pofieftes  of  rarefying  with  heat 
and  condenfing  with  cold,  joined  to  its  weight.  As 
loon  as  the  retort  is  aCted  on  by  a lefs  degree  of  heat 
than  added  on  it  the  inftant  before,  the  air  contained 
therein  is  condenled,  and  leaves  a vacuum , which 
the  external  air,  by  virtue  of  its  weight,  tends  to 
occupy  j but,  the  orifice  of  the  retort  being  under 
■water,  the  external  air  can  noway  gain  admittance, 
but  by  pufhing  in  before  it  the  water  which  inter- 
cepts its  pafiage.  This  caution,  as  we  oblerved 
above,  muft  be  applied  to  all  diftillations,  where 
the  veffels  are  difpofed  as  they  are  in  this. 

Care  muft  alfo  be  taken  that  the  nofe  of  the  retort 
be  not  placed  too  deep  under  water:  for  as  the 
neck  grows  very  warm  during  the  operation,  be- 
caufe  the  degree  of  heat  required  to  raife  mercury 
is  about  three  times  greater  than  that  which  raifes 
water  it  mayeafily  be  broken  by  the  contact  of 
the  cold  water  in  the  receiver. 

This  method  of  extracting  Gold  and  Silver  from 
their  ores,  by  Amalgamation  with  Mercury,  is  not 
to  be  abiolutely  depended  on  as  a fure  proof  of  the 
quantity  of  thofe  metals  that  may  be  contained  in 
the  earth  alfayed  by  this  means : for  fome  fmall  part 
ot  the  Amalgam  is  always  loft  in  wafting  it : and 
moreover,  the  Mercury,  when  fqueezed  through 
chamoy  always  carries  with  it  a fmall  portion  of 
Gold.  So  that  if  you  defire  to  know  more  ex- 
actly. 
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a&ly,  by  this  method,  the  quantity  of  Gold  or  Sil- 
ver contained  in  any  earth,  the  Amalgam  muft  not 
be  Iqueezed  through  chamoy,  bu c d i (billed  altoge» 
ther.  Much  the  lure  ft  method  of  making  an  accu- 
rate affay  is  that  by  fufion  and  fcorification,  which 
we  fhall  defcribe  under  the  head  of  Silver. 

In  fome  countries,  and  efpecially  in  America, 
the  method  of  Amalgamation  is  ufed,  for  extract- 
ing Gold  and  Silver  in  large  quantities,  from  the 
matrices  which  contain  them  in  their  metalline 
form.  Agricola  and  other  metallurgifts  have  de- 
scribed the  machines  by  means  whereof  fuch  A- 
malgamations  are  managed. 


PROCESS  II. 

To  dijfolve  Gold  in  Aqua  regis,  and  by  that  means 
to  Jeparate  it  from  Silver.  Aurum  Fulminans. 
Aurum  Fulminans  reduced. 

TAKE  Gold  that  is  perfe&ly  pure,  or  alloyed 
with  Silver  only.  Reduce  it  to  little  thin 
plates,  by  hammering  it  on  an  anvil.  If  it  be  not 
iufficiently  tough,  neal  it  till  it  be  red  in  a moderate, 
clear  fire,  quite  free  from  fmoking  coals,  and  then 
let  it  cool  gradually,  which  will  reftore  its  du&ility. 

When  the  plates  are  thin  enough,  make  them  red 
hot  once  more,  and  cut  them  into  fmall  bits  with  a 
pair  of  fheers.  Put  thefe  bits  into  a tall,  narrow- 
mouthed cucurbit,  and  pour  on  them  twice  their 
weight  of  good  Aqua  regis , made  of  one  part  Sal 
Ammoniac,  or  Spirit  of  Salt,  and  four  parts  Spirit  of 
osfitre.  Set  the  cucurbit  in  a find-bath  moderately 
heated,  flopping  its  orifice  (lightly  with  a paper 
coffin,  to  prevent  any  dirt  from  falling  in.  The 
Aqua  regis  will  prefently  begin  to  lmoke.  Round 
the  little  bits  of  Gold  will  be  formed  an  infinite 
number  of  fmall  bubbles,  which  will  rile  to  the 

fur  face 
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furface  of  the  liquor.  The  Gold  will  totally  dif- 
folve,  if  it  be  pure,  and  the  folution  will  be  of  a 
beautiful  yellow  colour  : if  the  Gold  be  alloyed 
with  a fmall  quantity  of  Silver,  the  latter  will  re- 
main at  the  bottom  of  the  veffel  in  the  form  of  a 
white  powder.  If  the  Gold  be  alloyed  with  much 
Silver,  when  the  Gold  is  diffolved  the  Silver  will 
retain  the  form  of  the  little  metalline  plates  put 
into  the  veffel. 

When  the  diffoiution  is  completed,  gently  pour 
off  the  liquor  into  another  low,  wide-mouthed, 
glafs  cucurbit,  taking  care  that  none  of  the  Silver, 
which  lies  at  the  bottom  in  the  form  of  a powder, 
elcape  with  the  liquor.  On  this  powder  of  Silver 
pour  as  much  frefh  Aqua  regis  as  will  cover  it  en-' 
tirely  ; and  repeat  this  till  you  are  lure  that  nothing 
more  can  be  taken  up  by  it.  Laftly,  having  de- 
canted the  Aqua  regis  from  the  Silver,  wafh  the  Sil- 
ver witli  a little  Spirit  of  Salt  weakened  with  water, 
and  add  this  Spirit  of  Salt  to  the  Aqua  regis  in 
which  your  Gold  is  diffolved.  Then  to  the  body 
containing  thefe  liquors  fit  a head  and  a receiver, 
and  diffil  with  a gentle  heat,  till  the  matter  con- 
tained in  the  cucurbit  become  dry. 

OBSERVATIONS. 

It  is  certain  that  Aqua  regis  is  the  true  folvent  of 
Gold,  and  that  it  docs  not  touch  Silver : fo  that  if 
the  Gold  diffolved  in  it  were  alloyed  with  Silver, 
which  is  often  the  cafe,  the  two  metals  would  by 
this  means  be  pretty  accurately  feparated  from  each 
other.  But  if  you  defire  to  obtain  from  this  folution 
a Gold  abfolutely  pure,  you  muff  free  it,  before  you 
diffolve  it,  from  every  other  metallic  fubftance  but 
Silver j becaufe  Aqua  regis  afts  upon  mod  of  the 
other  metals  and  the  femi-metals.  We  fhall  fhew 
under  the  head  of  Silver,  as  we  promifed  before, 
how  to  purify  a mafs  of  Gold  and  Silver  from  every 

other 
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other  metallic  alloy.  Thither  alfo  we  refer  the 
common  Parting  Aflay  performed  by  means  of 
Aqua  for tis : becaufe  in  that  operation  the  Silver 
is  difiolved,  and  not  the  Gold. 

If  the  Gold  put  to  diflblve  in  Aqua  regis  be  pure, 
the  diflolution  is  eafily  and  readily  effected.  But 
if,  on  the  contrary,  it  be  alloyed  with  Silver,  the 
Aqua  regis  finds  more  difficulty  in  diffolving  it. 
Nay,  if  the  Silver  exceed  the  Gold  in  quantity,  the 
diflolution  will  not  take  place  at  all,  for  the  rea- 
fons  adduced  in  our  Theoretical  Elements  * of 
which  we  final  1 fpeak  more  fully  when  we  come  to 
treat  of  the  Parting  Affay. 

In  the  procefs  we  direfted  theGold  to  be  difiolv- 
ed  in  a tall  body.  This  precaution  is  neceflary  to 
prevent  the  lofs  of  fome  part  thereof : for  it  is  the 
property  of  Aqua  regis  to  carry  off  along  with  it 
fome  of  the  Gold,  efpecially  when  there  is  any  Sal 
Ammoniac  in  its  compofition,  if  the  veffel  be 
heated  while  the  diflolution  is  going  on,  or  if  the 
Aqua  regis  be  very  ftrong.  Yet  it  is  proper  to 
make  ufe  of  Aqua  regis  that  is  too  ftrong  rather 
than  too  weak : for  if  it  prove  too  ftrong,  and  be 
obferved  not  to  aft  upon  the  metal  for  that  reafon, 
it  is  eafy  to  weaken  it,  by  gradually  adding  fmall 
quantities  of  pure  water,  till  you  perceive  it  begin 
to  aft  with  vigour.  This  is  a general  rule  regard- 
ing all  metallic  diflolutions  in  Acids. 

When  the  folution  of  Gold  is  evaporated  to  dry-* 
nefs,  if  you' defire  to  reduce  into  a mafs  theGold 
duft  left  at  the  bottom  of  the  cucurbit,  you  muft 
put  it  into  a crucible,  and  cover  it  with  pulverized 
borax,  mixed  with  a little  nitre  and  calcined  wine- 
lees  ; then  cover  the  crucible  dole,  heat  it  with  a 
moderate  fire,  which  muft  be  afterwards  increafed 
fo  as  to  melt  the  contents.  At  the  bottom  of  the 
crucible  you  will  find  a lump  of  Gold,  over  which 
the  fairs  you  added  will  be  as  it  were  vitrified.  Thefc 

falts 
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talcs  are  added  chiefly  to  promote  the  fufion  of  the 

me  cal  . 

The  Gold  may,  if  you  will,  be  feparated  from 
its  folvent  without  evaporating  the  folution  as 
above  direfted.  You  need  only  mix  with  the  fo- 
lution a fixed  or  volatile  Alkali  by  little  and  little, 
till  you  fee  no  more  precipitate  fail,  and  then  let 
the  liquor  itand  to  fettle,  at  the  bottom  of  which 
you  will  find  a fediment : filter  the  whole,  and  dry 
what  is  left  on  the  filter. 

Both  fixed  and  volatile  Alkalis  pofiefTmg,  as  hath 
been  frequently  repeated,  a greater  affinity  with 
Acids  than  metallic  fubftances  have,  they  precipi- 
tate the  Gold,  and  feparate  it  from  the  Acids  in- 
which  it  is  diffolved  : but  it  is  of  great  confequence 
to  take  notice  that,  if  you  attempt  to  melt  this  pre- 
cipitated Gold  in  a crucible,  it  will  fulminate  as 
foon  as  it  feels  the  heat,  with  fuch  a terrible  ex- 
plofion,  that,  if  the  quantity  be  at  all  confiderable, 
it  may  prove  fatal  to  the  operator:  even  rubbing 
it  a little  hard  will  make  it  blow  up.  This  pre- 
paration is  therefore  called  Aurum  fulminans . 

Hitherto  no  fatisfacftory  explanation  hath  been 
given  of  this  phenomenon.  Some  Chymifts  confi- 
ding that,  in  the  precipitation  of  the  Gold,  a Nitre 
is  regenerated  by  the  union  of  the  Alkali  with  theNi- 
trousAcid  which  enters  into  the  compofition  ofthe^- 
quarcgis , imagi  net  hat  fomeofth  is  regenerated  Nitre, 
combining  with  the  precipitated  Gold,  takes  fire  and 
detonates,  either  by  means  of  fome  fmall  portion  of 
Phlogifton  that  may  be  contained  in  the  Alkali,  or 
by  means  of  that  which  conftitutes  the  Gold  itfelf. 
But,  in  the  firft  place,  ’tis  well  known  that  Fixed 
Alkalis  do  not  contain  Phlogifton  enough  to  make 
Nitre  detonate.  Indeed,  if  a Volatile  Alkali  be  em- 
ployed in  the  precipitation,  a Nitrous  Ammoniacal 
ibalt  will  be  formed,  containing  Phlogifton  enough 

°to 
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to  be  capable  of  detonating  without  the  concourfe 
of  any  additional  Phlogifton : but  this  detonation 
of  the  Nitrous  Ammoniacal  Salt  is  not  to  be  com- 
pared, as  to  the  violence  of  its  effects,  with  the  ful- 
mination  of  Gold.  Befides,  we  do  not  find  that 
Gold  precipitated  by  a Volatile  Alkali  explodes  with 
greater  force  chan  that  precipitated  by  a Fixed  Al- 
kali. As  for  the  Gold,  ’tis  certain  that  it  buffers 
no  decompofition  at  all  by  fulminating.  When  ful- 
minated under  a glal's  bell,  in  fuch  fmall  quabtities 
as  not  to  endanger  the  operator,  the  Gold  is  found 
fcattered  about  under  the  bcdl  in  very  fine  particles, 
without  having  undergone  any  alteration. 

Others  have  fancied  this  fulmination  of  the  Gold 
to  be  nothing  but  the  decrepitation  of  the  Sea-lalt 
that  is  regenerated,  in  the  precipitation  of  the  metal, 
by  the  Fixed  Alkali  uniting  with  the  Acid  of  Sea- 
falt  which  makes  part  of  the  Aqua  regis.  But  to 
this  it  may  be  faid,  that  Gold  precipitated  by  a Vo- 
latile Alkali  fulminates  as  violently  as  that  precipi- 
tated by  a Fixed  Alkali;  and  yet  no  Sea- fait  can  be 
formed  in  the  liquor  by  the  addition  of  a Volatile 
Alkali,  but  only  a Sal  Ammoniac  which  has  not  the 
property  of  decrepitating.  Moreover,  there  is  no 
companion,  as  to  the  effects,  between  the  decrepi- 
tation of  Sca-falt  and  the  fulmination  of  Gold. 

Nor,  laftly,  can:  this  fulmination  be  attributed, 
as  it  is  by  fome,  to  the  effort  made  by  the  Salts  to 
efcape  from  amid  ft  the  particles  of  Gold,  in  which 
they  are  fuppofed  by  them  to  be  imprifoned : for  then 
we  might  deprive  this  Gold  entirely  of  its  fulminat- 
ing quality  by  only  boiling  it  in  water,  and  fo 
walking  off  all  the  faline  particles,  which  probably 
adhere  to  its  furface  only.  It  is  plain  there  is  great 
room  for  very  beautiful  difcoveries  on  this  fubjeft. 
InWalerius’s  Mineralogy  we  find  lome  obfervations 
that  may  throw  a little  light  on  the  point  before  us. 

“ The 
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fC  The  quantity,  fays  he,  of  fulminating  Gold 
£<  precipitated  exceeds  that  of  the  Gold  diftolved  : 
‘f  if  the  Aquaregis  be  made  with  Sal  Ammoniac  the 
<f  explolion  will  be  ftronger 3 it  will  alfo  be  more 
violent  if  the  folution  be  precipitated  with  a Vo- 
f£  latile  Alkali,  than  if  a Fixed  Alkali  be  ufedfor 
<c  that  purpofe.” 

Oneof  thefpeedieftand  eafieft  methods  to  deprive 
this  Gold  of  its  fulminating  quality,  is  to  grind  in  a 
mortar  twice  as  much  flowers  of  Sulphur  as  you  have 
Gold  to  reduce,  mixing  your  fulminating  Gold 
therewith,  by  little  and  little,  as  you  grind  them 
together  3 then  to  put  the  mixture  into  a crucible, 
and  heat  it  juft  enough  to  melt  the  Sulphur.  Part 
of  the  Sulphur  will  be  diflipated  in  vapours,  and  the 
reft  will  burn  away.  "When  it  is  quite  confumed, 

. increafe  the  fire  fo  as  to  make  the  crucible  red-hot. 
When  you  perceive  no  more  fmell  of  Sulphur,  pour 
■ on  the  Gold  a little  Borax,  previoufly  melted  in 
. another  crucible  with  a Fixed  Alkali,  as  calcined 
Wine-lees,  or  Nitre  fixed  with  Tartar  3 and  then 
raife  the  fire  fufficiently  to  make  the  whole  flow.  Af- 
ter the  fufion  is  completed  you  will  find  a button 
of  Gold  at  the  bottom  of  thecrucibleunder  thefalts. 

Fulminating  Gold  may  alfo  be  reduced  by  pour- 
ing on  it  a fufficient  quantity  of  Fixed  Alkali  re- 
duced to  a liquor,  orof  oil  of  Vitriol,  evaporating 
all  the  moifture,  and  gradually  throwing  what  re- 
mains, mixed  up  with  lome  pinguious  matter,  into 
a crucible  kept  red-hot  in  a furnace.  The  reafon 
why  thefe  iubftances  deprive  the  Gold  of  its  ful- 
minating quality  depends  on  the  caufes  that  pro- 
duce the  fulmination. 

Gold  may  alfo  be  feparated  from  Aqua  regts , and 
precipitated  by  the  means  of  feveral  metallic  fub- 
ftances  that  have  a greater  affinity,  either  with 
Aquaregis , or  with  one  of  the  two  Acids  that  com- 
pofe  it.  Mercury  is  one  of  the  fitted  for  this  pur- 
^ o l,  I.  X pofe. 
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pofe.  On  dropping  a folution  of  Mercury  in  the 
Nitrous  Acid,  by  little  and  little,  into  a folution  of 
Gold,  the  mixture  becomes  turbid,  and  a precipi- 
tate is  formed.  Continue  dropping  in  more  of  the 
folution  of  Mercury  till  no  more  precipitate  falls* 
then  let  the  liquor  Hand  to  fettle,  and  at  the  bot- 
tom of  it  you  will  find  a fediment,  which  is  the 
precipitated  Gold  : pour  off  the  liquor  by  inclina- 
tion, and  wafh  the  precipitate  with  fair  water. 

Mercury  hath  a greater  affinity  with  the  Marine 
than  with  the  Nitrous  Acid.  The  affinity  which 

j 

Mercury  hath  with  the  Marine  Acid  is  alfo  greater 
than  that  of  Gold  with  the  Marine  Acid  ; for  un- 
lefs  this  Acid  be  affoeiated  either  with  the  Nitrous 
Acid,  or  atleaftwith  a certain  proportion  of  Phlo- 
gifton,  it  will  not  diffolve  Gold.  Hence  it  comes 
that  when  a folution  of  Mercury  in  the  Nitrous 
Acid  is  dropped  into  a folution  of  Gold  in  Aqua  re - 
gtSy  the  Mercury  unites  with  the  Acid  of  Sea-falt, 
which  is  an  ingredient  in  the  Aqua  regis  : but  the 
Marine  Acid  cannot  on  this  occafion  join  the  Mer- 
cury, without  deferring  the  Gold  and  the  Nitrous 
Acid  with  which  it  was  united  * and  then  the  Gold, 
which  cannot  be  kept  in  folution  by  the  Nitrous 
Acid  alone,  is  forced  to  quit  its  folvent  and  preci- 
pitate. The  liquor  therefore,  that  now  floats  over 
the  Gold  thus  precipitated,  mud  contain  Mercury 
united  with  the  Acid  of  Sea-falt:  and  in  faft  itj 
yields  a true  Corrofive  Sublimate,  which  is  known 
to  be  a combination  of  Mercury  with  the  Marine 
Acid. 

Mercury  diiTolved  in  Spirit  of  Nitre  is  employed 
to  procure  the  precipitation  we  are  fpeaking  of, 
becaufe  metallic  fubitances,  when  fo  comminuted 
by  an  Acid,  are  much  fitter  for  fuch  experiment: 
than  when  they  are  in  a concrete  form. 

Gold  precipitated  in  this  manner  by  a metalfiQ 

fubftance  doth  not  fulminate. 

a PRO 
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PROCESS  IIL 


To  dijjolve  Gold  by  Liver  of  Sulphur, 


/T  IX  together  equal  parts  of  common  Brim« 
jgy  (tone,  and  a very  ftrong  Fixed  Alkali  ; for 
:inftance,Nitre  fixed  by  charcoal.  Putthemin  a cruci- 
ble,and  melt  the  mixture, ftirring  it  from  time  to  time 
with  a fmall  rod.  There  is  no  occafion  to  make  the 
ire  very  brifk;  becaufe  the  Sulphur  facilitates  the 
full  on  of  the  Fixed  Alkali.  Some  fulphureous  va- 
pours  will  rife  from  the  crucible ; the  twofubftances 


will  mix  intimately  together,  and  form  a reddifh 
rompound.  Then  throw  into  the  crucible  fome 
ittle  pieces  of  Gold  beat  into  thin  plates,  fo  that  the 
vhole  do  not  exceed  in  weight  one  third  part  of  the 
. Jvcr  of  Sulphur:  raife  the  fire  a little.  As  foon 
s the  Liver  of  Sulphur  is  perfectly  melted,  it  will 
;egin  to  diflolve  the  Gold  with  ebullition  5 and  will 
ven  emit  fome  dailies  of  fire.  In  the  fpace  of  a few 
minutes  the  Gold  will  be  entirely  diffolved,  efpeci- 
\\y  if  it  was  cut  and  flatted  into  fmall  thin  leaves. 


OBSERVATIONS . 

The  procefs  here  delivered  is  taken  from  M. 
>tanl.  The  defign  of  that  ingenious  Chymift’s  en~ 
jmry  was  to  di (cover  how  Moles  could  burn  the 
joJ den  calf,  which  the  Ifraelites  had  let  up  and  wor- 
hipped  while  he  was  on  the  mount ; how  he  could 
fterwards  reduce  that  calf  to  powder,  throw  it 
no  the  water  which  the  people  uled,  and  make  ^11 
'ho  had  apoftatized  drink  thereof,  as  related  ill 
ae  Book  oi  Exodus. 

M.  Stahl,  having  firffc  obferved  that  Gold  is  ab- 
flutidy  inalterable  andindeftruttiblcby  theforc<?of 
re  alone,  be  it  ever  fo  violent,  concludes,  that 
ichou t a miracle  Mofcs  could  not  poflibly  perform 

X 2 the 


308  Elements  of  the 

the  above-mentioned  operations  on  the  golden  calf, 
any  way  but  by  mixing  with  the  Gold  fome  matter 
qualified  toalterand  diffolve  it.  He  then  takes  no- 
tice that  pure  Sulphur  does  not  add  upon  Gold  at 
all,  and  that  many  other  fubftances,  which  arc 
thought  capable  of  dividing  and  difiolving  it,  can- 
not however  do  it  fo  completely  as  is  neceflary  to 
render  that  metal  fufceptible  of  the  effects  related. 
He  then  gives  the  method  of  dilTolving  it  by  Liver 
of  Sulphur  defcribed  in  the  procefs. 

Liver  of  Sulphur  diflolves  likewife  all  the  other 
metals  : but  M.  Stahl  obferves  that  it  attenuates 
Gold  more  than  any  other  metallic  fubftance,  and 
unites  with  it  much  more  intimately  than  with  the 
reft.  This  appears  from  what  happens,  on  at- 
tempting to  diffolve  in  water  any  of  the  mixts  re- 
Hiking  from  the  union  of  another  metal  with  Liver 
of  Sulphur  : for  then  the  metal  feparates,  and  ap- 
pears in  the  form  of  a powder  or  fine  calx ; 
whereas,  when  Gold  is  united  with  Liver  of  Sul- 
phur, the  whole  compound  diflolves  in  water  fo 
perfectly,  that  the  Gold  even  pafles  with  the  Liver 
of  Sulphur  through  the  pores  of  filtering  paper. 

If  an  Acid  be  poured  into  a folution  of  this  com- 
bination of  Gold  with  Liver  of  Sulphur,  the  Acid 
unites  with  the  Alkali  of  the  Hepar,  and  the  Gold 
falls  to  the  bottom  of  the  liquor  along  with  the 
Sulphur,  which  doth  not  quit  it.  The  Sulphur  thus 
precipitated  with  the  Gold  is  eafily  carried  off  by  a 
flight  torrefa&ion,  after  which  the  Gold  remains  ex- 
ceedingly comminuted.  The  Sulphur  of  this  com- 
pound may  alfo  be  deftroyed  by  torrefiuftion,  with- 
out the  trouble  of  a previous  folution  and  precipi- 
tation, and  then  alfo  the  Gold  remains  fo  attenuated 
as  to  be  mifcible  with  liquors,  and  floats  on  them, 
or  fwims  in  them,  in  luch  a manner  that  it  may 
eafily  be  fwallowed  with  them  in  drinking.  From 
all  this  M.  Stahl  concludes  there  is  great  reafon  t« 
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believe  it  was  by  means  of  the  Liver  of  Sulphur 
thac  Mofes  divided,  and  in  a manner  calcined,  the 
golden  calf,  fo  that  he  could  mingle  it  with  water, 
and  make  the  Ifraelites  drink  it. 


PROCESS  IV. 

T 0 feparate  Gold  from  all  other  metallic  Subjlances  by 
means  of  Antimony. 

HAVING  put  the  Gold  you  intend  to  purify 
into  a crucible,  fet  it  in  a melting  furnace, 
cover  it  and  make  the  Gold  flow.  When  the  me- 
tal is  in  fufion  call  upon  it,  by  a little  at  a time, 
twice  its  weight  of  pure  crude  Antimony  in  pow- 
der, and  after  each  projection  cover  the  crucible 
again  immediately  : this  done  keep  the  matter  in 
fufion  for  a few  minutes.  When  you  perceive  that 
the  metallic  mixtureis  perfectly  melted,  and  that  its 
furface  begins  to  fparkle,  pour  it  out  into  a hollow 
iron  cone,  previoufly  heated,  and  fmeared  on  the 
infide  with  tallow.  Immediately  ftrike  with  a 
hammer  the  floor  on  which  the  cone  Hands ; and 
when  all  is  cold,  or  at  leaft  fufficiently  fixed,  invert 
the  cone  and  llrike  it : the  whole  metallic  mafs 
will  fall  out,  and  the  under  part  thereof,  which  was 
at  the  point  of  the  cone,  will  be  a Regulus  more  or 
leis  yellow  as  the  Gold  was  more  or  lefts  pure.  On 
ftriking  the  metallic  mafs  the  Regulus  will  freely 
part  from  the  fulphureous  cruft  at  top. 

Return  this  Regulus  into  the  crucible,  and  melt 
it.  Lels  fire  wilhdo  now  than  was  required  before. 
Add  the  fame  quantity  of  Antimony,  and  proceed 
as  at  firft.  Repeat  the  fame  operation  a third  time, 
if  your  Gold  be  very  impure. 

fthen  put  your  regulus  into  a good  crucible, 
much  larger  than  is  neceflaryto  hold  it.  Set  your 
ciucible  in  a melting  furnace,  and  heat  the  matter 
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butjuft  enough  to  make  it  flow,  with  a fmooth,  bril- 
liant furface.  When  you  find  it  thus  conditioned, 
point  towards  it  thenofe  of  a long-fnouted  pair  of 
bellows,  and  therewith  keep  gently  and  conftantly 
blowing.  There  will  arife  from  the  crucible  a con- 
fiderable  fmoke,  which  will  abate  greatly  when  you 
ceafe  to  blow,  and  increafe  as  loon  as  you  begin 
again.  You  mull  raife  the  fire  gradually  as  you 
approach  towards  the  end  of  the  operation.  If 
the  furfaceofthe  metal  lofe  its  brilliant  polifh,  and 
feem  covered  with  a hard  cruft,  ’tis  a fign  the 
fire  is  too  weak ; in  which  cafe  it  muft  be  increafed, 
till  the  furface  recover  its  fhining  appearance.  At 
laft,  when  no  more  fmoke  riles,  and  the  furface  of 
the  Gold  looks  neat  and  greenilh,  call  on  it,  by 
little  and  little,  fome  pulverized  Nitre,  or  a mix- 
ture of  Nitre  and  Borax.  The  matter  will  fwell 
up.  Continue  thus  adding  more  Nitre  gradually, 
till  no  commotion  is  thereby  produced  in  the  cru- 
cible and  then  let  the  whole  cool.  If  you  find, 
when  the  Gold  is  cold,  that  it  is  not  tough  enough, 
melt  it  over  again ; when  it  begins  to  melt  call  in 
the  fame  Salts  as  before  } and  repeat  this  till  it  be 
perfedtly  dudlile. 

OBSERVATIONS. 

Antimony  is  a compound,  confiding  of  a femi- 
metallic  part  united  with  about  a fourth  part  of 
its  weight  of  common  Sulphur.  It  appears,  in  the 
ninth  column  of  the  Table  of  Affinities,  that  all 
the  metals.  Mercury  and  Gold  excepted,  have  a 
greater  affinity  than  the  reguline  part  of  Antimony 
with  Sulphur.  If  therefore  Gold,  adulterated  with 
3.  mixture  of  Copper,  Silver,  or  any  other  metal, 
be  melted  with  Antimony,  thofe  metals  will  unite 
with  the  Sulphur  of  the  Antimony,  and  feparate  it 
from  the  reguline  part,  which  being  thus  let  free 
will  combine  and  be  blended  with  the  Gold.  Thefe 

two 
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two  metallic  fubftances,  forming  a mafs  far  heavier 
than  the  other  metals  mixed  with  the  fulphur,  fall 
together  to  the  bottom  of  the  crucible  in  the  form 
of  a Regulus,  while  the  others  float  over  them  like 
a fort  of  fcoria  or  flag  : and  thus  the  Gold  is  freed 
from  all  alloy  butthereguline  partof  the  Antimony. 

As  all  the  other  metals  have  a great  affinity  with 
Sulphur,  and  Gold  is  the  only  one  that  is  capable 
of  refilling  its  action,  one  would  think  Sulphur 
alone  might  be  fufficient  to  free  it  from  the  metals 
combined  with  it,  and  that  it  would  therefore  be 
better  to  employ  pure  Sulphur,  in  this  operation, 
than  to  make  ufe  of  Antimony  ; the  reguline  part 
of  which  remaining  united  with  the  Gold  requires 
another  long  and  laborious  operation  to  get  rid  of 
it. 

Indeed,  flridly  fpeaking,  Sulphur  alone  would 
be  fufficient  to  produce  the  defired  reparation  ; but 
it  is  proper  to  obferve  that,  as  Sulphur  alone  is  very 
combuflible,  molt  of  it  would  be  confumed  in  the 
operation  before  it  could  have  an  opportunity  to 
unite  with  the  metallic  fubftances;  whereas  when 
it  is  combined  with  the  Regulus  of  Antimony,  it  is 
thereby  enabled  to  bear  the  adion  of  the  fire  much 
longer  without  burning,  and  confequently  is  much 
fitter  for  the  purpofe  in  queflion.  Befides,  if  we 
were  to  make  ufe  of  pure  Sulphur,  a great  part  of 
the  Gold,  which  is  kept  in  perfed  fufion,  and  its 
precipitation  facilitated,  by  the  Regulus  of  Anti- 
mony, would  remain  confounded  with  the  fulphiu 
reous  fcoria. 

Neverthelefs,  feeing  the  metals  with  which  Gold 
is  alloyed  cannot  be  feparated  from  it  by  Antimony, 
but  that  a quantity  of  Regulus  proportioned  to  the 
quantity  of  the  metals  fo  feparated  will  unite  with 
the  Gold,  and  that  the  more  Regulus  combines  with 
the  Gold,  the  more  tedious,  chargeable,  and  labo- 
rious will  the  operation  prove,  this  confideration 
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ought  to  have  fome  influence  in  directing  ourpro- 
cefs.  Therefore,  if  the  Gold  be  very  impure,  and 
worfe  than  fixteen  carats,  we  muft  not  mix  it  with 
crude  Antimony  alone,  but  add  two  drams  of  pure 
Sulphur  for  every  carat  the  Gold  wants  of  fixteen, 
and  leffen  the  quantity  of  Antimony  in  proportion 
to  that  of  the  real  Gold. 

It  is  neceffary  to  keep  the  crucible  clofe  covered, 
after  mixing  the  Antimony  with  the  Gold,  to  pre- 
vent any  coals  from  falling  into  it:  for,  if  that 
fhould  happen,  the  melted  mafs  would  puff  up 
considerably,  and  might  perhaps  run  over. 

The  infide  of  the  cone,  into  which  you  pour  the 
melted  metallic  mafs,  muft  be  greafed  with  tallow, 
to  prevent  its  flicking  thereto,  and  that  it  may 
come  eafily  out.  Striking  the  floor,  on  which  the 
cone  with  the  melted  metal  Hands,  helps  the  preci- 
pitation and  defcent  of  the  Regulus  of  Gold  and 
Antimony  to  the  bottom  of  the  cone. 

Lefs  fire  is  requifite  to  melt  this  compound  Re- 
gulus, in  order  to  add  frefh  Antimony,  than  was 
neceffary  before  the  Gold  was  mixed  with  the  regu- 
linepart  of  the  Antimony;  becaufe  this  metallic 
fubflance,  beingmuch  more  fufible  than  Gold,  pro- 
motes its  melting.  The  Antimony  is  mixed  with 
theGold  by  repeated  projedlibns,  that  the  feparation 
of  the  metals  may  beaccomplifhed  with  the  greater 
eafe  and  accuracy.  Yet  the  operation  might  be 
fuccefsfully  performed,  by  putting  in  all  the  Anti- 
mony at  once,  and  with  one  melting  only. 

The  metalline  mafs  found  at  the  bottom  of  the 
cone  after  all  thefe  operations,  is  a mixture  of  Gold 
with  the  regulinepartof  theAntimony.  All  the  reft 
of  theprocefsconfifls  only  in  feparatingthisreguline 
part  from  the  Gold.  As  Gold  is  the  moll  fixed  of 
all  metals,  and  as  the  Regulus  of  Antimony  cannot 
bear  the  violence  of  fire  without  flying  off  in  va- 
pours, nothing  more  is  neceffary  for  this  purpofe 
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but  to  expofe  the  compound,  as  direded  in  the  pro- 
cels,  to  a heat  ftrong  enough,  and  long  enough 
continued,  to  diffipate  all  the  Regulus  of  Antimo- 
ny. This  femi-metal  exhales  in  the  form  of  a verv 
thick  white  fmoke.  It  is  proper  to  blow  gently 
into  the  crucible  during  the  whole  operation ; be- 
caufe  the  immediate  contad  of  the  frefh  air  incef- 
fantly  thrown  in  promotes  and  ccnfiderably  in- 
creases the  evaporation  : and  this  is  a general  rule 
applicable  to  all  evaporations. 

The  fire  muff  be  gradually  raifed  as  the  Regulus 
of  Antimony  is  diflipated,  and  the  operation  draws 
toward  the  end  3 becaufe  the  mixed  mafs  of  Regu- 
lus of  Antimony  and  Gold  becomes  fo  much  the 
lei's  fufible  as  the  proportion  of  the  Regulus  is  lef- 
fened.  Though  the  Regulus  of  Antimony  be  fe- 
parated  from  the  Gold  in  this  operation,  becaufe 
the  latter  is  of  fuch  a fixed  nature  that  it  cannot 
be  volatilized  by  the  degree  of  fire  which  diflipates 
the  Regulus;  yet,  as  the  Regulus  is  very  volatile, 
it  will  undoubtedly  carry  up  fome  of  the  Gold  along 
with  it,  efpecially  if  you  hurry  on  the  evaporation 
too  faff,  by  applying  too  great  a degree  of  fire,  by 
blowing  too  brifkly  into  the  crucible,  and  ftill 
more  if  you  evaporate  your  mixture  in  a broad  Hat 
veffel  inftead  of  a crucible.  All  thefe  things  muft 
therefore  be  avoided,  if  you  would  lofe  no  more 
Gold  than  you  needs  muft. 

However,  unlefs  the  evaporation  be  carried  to 
the  utmoft,  by  the  means  above  pointed  out,  a fmall 
portion  of  the  Regulus  of  Antimony  will  always 
remain  combined  with  the  Gold,  which  defends  it 
from  the  aftipn  of  the  fire.  This  fmall  portion  of 
Regulus  hinders  the  Gold  from  being  perfectly 
pure  and  dudile.  In  order  therefore  to  confume 
and  fcorify  it,  we  caft  Nitre  into  the  crucible  when 
we  perceive  it  to  emit  no  more  white  vapours. 
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We  know  that  Nitre -has  the  property  of  redu- 
cing all  metallic  fubftances  to  a calx.  Gold  and  Sil- 
ver excepted ; becaufe  it  deflagrates  with  the  phlo- 
giston to  which  their  metalline  form  is  owing : but 
as  this  accenfion  of  the  Nitre  occafionsatumid  effer- 
vefcence,  care  muft  be  taken  to  throw  it  in  but  by 
little  and  little  at  a time ; for  if  too  much  be  pro- 
jected at  once  the  melted  matter  will  run  over. 

This  operation  might  be  confiderably  abridged 
by  taking  advantage  of  the  property  which  Nitre 
poiTefles  of  thus  confuming  the  phlogifton  of  me- 
tallic fubftances;  as  by  means  thereof  we  might 
deftroy  all  the  Regulus  of  Antimony  incorporated 
with  the  Gold,  without  having  recourfe  to  a long 
and  tedious  evaporation.  But  then  we  fhould  at 
the  fame  time  lofe  a much  greater  quantity  of 
Gold,  by  reafon  of  the  tumult  and  ebullition  which 
are  infeparable  from  the  detonation  of  Nitre.  On 
the  whole  therefore,  if  Nitre  be  made  ufe  of  to  pu- 
rify Gold,  great  care  muft  be  taken  to  apply  but 
very  little  of  it  at  a time. 

All  the  Silver  that  was  mixed  with  the  Gold,  and 
indeed  a little  of  the  Gold  itfelf,  remains  con- 
founded with  the  fulphureous  fcoria,  which  floats 
upon  the  Golden  Regulus  after  the  addition  of  the 
Antimony : we  ftiall  ftiew  in  the  Chapter  on  Sil- 
ver how  thefe  two  metals  are  to  be  feparated  from 
the  Sulphur. 
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C H A P.  II. 

Of  Silver. 


PROCESS  I. 

To/eparate  Silver  from  its  Ore , by  means  of  Scarifi- 
cation with  Lead . 

BEAT  to  powder  in  an  iron  mortar  the  ore  from 
which  you  mean  to  feparate  the  Silver,  having 
firft  roafted  it  well  in  order  to  free  it  from  all  the 
Sulphur  and  Arfenic  that  it  may  contain.  Weigh 
it  exadtly  . then  weigh  out  by  ltfelf  eight  times  as 
much  granulated  Lead.  Put  one  half  of  this  Lead 
into  a left,  and  fpread  it  equally  thereon  : upon  this 
Lead  lay  your  ore,  and  cover  it  quite  over  with 
the  remaining  half  of  the  Lead. 

Place  the  teft  thus  loaded  under  the  further  end 
of  the  Muffle  in  a cupelling  furnace.  Light  your 
fire,  and  increafe  it  by  degrees.  If  you  look  through 
one  of  the  apertures  in  the  door  of  the  furnace  you 
will  perceive  the  ore,  covered  with  calcined  Lead 
fwim  upon  the  melted  Lead.  Prefently  afterwards 
it  wdl  grow  foft,  melt,  and  be  thrown  towards  the 
fides  of  the  veffel,  the  furface  of  the  Lead  appear- 
ing in  the  mid  ft  thereof  bright  and  Alining  like  a 
luminous  difc,  the  Lead  will  then  begin  to  boil, 
anc,  emu  fumes.  As  foon  as  this  happens,  the  fire 
muft  be  a little  checked,  fo  that  the  ebullition  of 
the  Lead  may -almoft  entirely  ceafe,  for  about  a quar- 
ter of  an  hour.  After  this  it  muft  be  excited  to  the 
degree  it  was  at  before,  fo  that  the  Lead  may  be-in 
again  to  boil  and  fmoke.  Its  fhining  furface  will 

fhf„h\Y  and  bc  C°Vered  with  MU.  Stir 

the  whole  with  an  iron  hook,  and  draw  in  towards 
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the  middle  what  you  obferve  towards  the  Tides  of 
the  veflel  j to  the  end,  that,  if  any  part  of  the  ore 
fhould  ftill  remain  undiffolved  by  the  Lead,  it  may 
be  mixed  therewith. 

When  you  perceive  that  the  matter  is  in  perfect 
fufion,  that  the  greateft  part  of  what  Ticks  to  the 
iron  hook,  when  you  dip  it  in  the  melted  matter, 
feparates  from  it  again,  and  drops  back  into  the  vef- 
fel ; and  that  the  extremity  of  this  inftrument  when 
grown  cold,  appears  varnifhed  over  with  a thin, 
fmooth,  fhining  cruft ; you  may  look  on  thefe  as 
marks  that  the  bufmefs  is  done,  and  the  more  uni- 
form and  evenly  the  colour  of  the  cruft  is,  the  more 
perfect  may  you  judge  the  fcorification  to  be. 

Matters  being  brought  to  this  pafs,  take  the  teft 
with  a pair  of  tongs  from  under  the  muffle,  and 
pour  its  whole  contents  into  an  iron  cone,  firft 
heated  and  greafed  with  tallow.  This  whole  ope- 
ration lafts  about  three  quarters  of  an  hour.  When 
all  is  cold,  the  blow  of  a hammer  will  part  the 
Regulus  from  the  fcoria;  and  as  it  is  not  poffible, 
how  perfed  foever  the  fcorification  be,  to  avoid 
leaving  a little  Lead  containing  Silver  in  the  fcoria, 
it  is  proper  to  pulverife  this  fcoria,  and  feparate 
therefrom  whatever  extends  under  the  hammer, 
in  order  to  add  it  to  the  Regulus. 

OBSERVATIONS. 

Silver,  as  well  as  Gold,  is  often  found  quite  pure, 
and  under  its  metalline  form,  in  the  bowels  of  the 
earth  ; and  in  that  cafe  it  may  be  feparated  from 
the  ftones  or  fand,  in  which  it  is  lodged,  by  fimple 
wafhing,  or  by  Amalgamation  with  Mercury,  in 
the  fame  manner  as  before  direded  for  Gold.  But 
it  alfo  happens  frequently  that  Silver  is  combined  in 
the  ore  with  other  metallic  fubftances  and  minerals, 
which  will  not  admit  of  this  procefs,  but  force  us  to 
employ  other  methods  of  feparating  it  from  them. 

Sulphur 
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Sulphur  and  Arfenic  are  the  fubftances  to  which 
Silver  and  the  other  metals  ufuallyowetheir  mineral 
hate.  Thefe  two  matters  are  never  very  clofely 
united  with  Silver;  but  may  be  pretty  eafily  fepa- 
rated  from  it  by  the  adtion  of  fire,  and  the  addition 
of  Lead.  If  Arfenic  be  predominant  in  a Silver 
ore,  it  will  unite  with  the  Lead  by  the  help  of  a 
pretty  moderate  heat,  and  quickly  convert  a confi- 
derable  quantity  thereof  into  a penetrating  fufible 
glafs,  which  has  the  property  of  fcorifying  with  eafe 
all  iubftances  that  are  capable  of  fcorification. 

When  Sulphur  predominates,  the  fcorification 
proceeds  more  (lowly,  and  doth  not  always  fucceed ; 
becaufe  that  mineral  combined  with  Lead  leflens  its 
fufibility,  and  retards  its  vitrification.  In  this  cafe 
part  of  the  Sulphur  mull  be  diflipated  by  roafting : 
the  other  part  unites  with  the  Lead;  and  that,  be- 
ing rendered  lighter  by  this  union,  floats  on  the  reft 
of  the  mixture,  which  chiefly  contains  the  Silver. 
At  laft  the  joint  aftion  of  the  air  and  of  the  fire, 
diflipates  the  portion  of  Sulphur  that  had  united, 
with  the  Lead  : the  Lead  vitrifies  and  reduces  to  a 
fcoria  whatever  is  not  either  Silver  or  Gold  : and 
thus  the  Silver  being  difentangled  from  the  hetero- 
geneous matters  with  which  it  was  united,  one  part 
thereot  being  diflipated  and  the  other  vitrified, 
combines  with  the  portion  of  Lead  which  is  not 
vitrified,  and  falls  through  the  fcoria,  which  to 
favour  its  defcent  muft  be  in  perfect  fufion. 

. ^ ^ie  whole  procefs  therefore  confifts  of  three  dif-, 
tin#  operations.  The  firft  is  Roafting,  which  difli- 

patesfomeof  theyolatile  fubftancesfound  united  with 

the  Silver : the  fecond  is  Scorification,  or  the  Vitri- 
fication of  the  fixed  matters  alfo  united  with  the  Sil- 
ver,  fuch  as  fand,  ftones,  metals,  &c.  and  the  third 
is  I recipitation,  or  the  reparation  of  the  Silver  from 
the  fcoria.  T he  two  firft  are,  as  hath  been  fhewn, 
pieparatives  for  the  laft,  and  indeed  produce  it. 

As 
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As  every  thing  we  faid  concerning  Gold,  when 
v/e  treated  of  the  procefs  of  Amalgamation,  is  to  be 
applied  to  Silver,  which  may  be  attracted  by  the 
lame  method  when  it  is  in  its  metalline  form;  in 
the  lame  manner  all  we  now  advance  touching  the 
method  of  extracting  Silver  by  Scorification,  when 
it  is  depraved  with  a mixture  of  heterogeneous 
matter s,  is  ecjually  applicable  to  Gold  in  the  fame 
circumftances:  and  indeed  Silver  almolt  always 
contains  more  or  lefs  Gold  naturally. 

In  the  procefs  we  directed  that  the  ore  fnould 
be  pulverized  before  it  be  expofed  to  the  fire, 
with  a view  to  enlarge  its  furface,  and  by  that 
means  facilitate  the  action  of  the  Lead  upon  it,  as 
well  as  the  evaporation  of  its  volatile  parts. 

We  recommended  the  precaution  of  blackening 
the  fire  a little  at  the  beginning  of  the  operation, 
only  to  prevent  the  Lead  from  being  too  haftily 
converted  into  litharge,  left  it  fhould  penetrate  and 
corrode  the  tell  before  it  had  wholly  cjifiblved  the 
ore  : but  if  we  were  perfe&ly  certain  of  the  veffel’s 
being  fo  good  as  to  be  in  no  danger  of  penetration 
by  the  Lead,  this  precaution  would  be  needlefs. 

1 1 is  proper  to  add  eight  parts  of  Lead  for  one  of 
ore  ; though  fo  much  is  not  always  abfolutely  ne- 
cefiary,  efpecially  when  the  ore  is  very  fufible. 
The  fuccels  of  this  operation  depends  chiefly  on 
the  completenefs  of  the  Scorification;  and  therefore 
the  addition  of  more  Lead  than  enough  is  attended 
with  no  inconvenience  : for,  as  it  always  promote* 
the  lcorification,  it  never  can  do  any  harm. 

If  the  ore  be  mixed  with  l'uch  earthy  and  ftony 
parts  as  cannot  be  feparated  from  it  by  wafhing,  it 
is  the  more  difficult  of  fufion,even  though  the  Hones 
ffiould  be  fuch  as  are  moll  difpofed  to  vitrify  ; be- 
eafufe  the  molt  fufible  earths  and  ftones  are  always 
lels  fo  than  molt  metallic  fubftances.  In  that  cafe 
it  wilt  be  neceflfary,  for  effecting  the  Scorification, 

to 
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to  mix  thoroughly  with  the  pulverized  ore  an  equal 
Quantity  of  Glafs  of  Lead,  to  add  twelve  times  as 
much  granulated  Lead,  and  then  to  proceed  as  di- 
rected for  a fufible  ore ; expofing  the  mixture  to  a 
degree  of  fire  ftrong  enough,  and  long  enough  kept 
up,  to  give  the  fcoria  all  the  properties  above  re- 
quired as  figns  of  a perfect  fcorification. 

Silver  ore  is  fometimes  mixed  with  pyrites,  and 
the  ore  of  Arfenic,  or  cobalt,  which  alfo  make  it 
refractory.  As  the  pyrites  contain  a large  quantity 
of  Sulphur,  which  is  very  volatile  as  well  as  Arfenic; 
in  this  cafe  it  is  proper  to  begin  with  freeing  the  ore 
from  thefe  two  extraneous  fubftances.  This  iseafily 
done  by  roafting:  only  be  fure,  when  you  firft  ex- 
pofe  the  ore  to  the  heat,  to  cover  the  vefiel  in  which 
you  roaft  it,  for  fome  minutes,  with  an  inverted 
veil'd  of  the  fame  width  ; becaufe  fuch  forts  of  ore 
are  very  apt  to  fly  when  they  firft  feel  the  heat. 

After  this  uncover  it,  and  leave  it  expofed  to 
the  fire  till  no  more  fulphureous  or  arfenical  matters 
rife.  Then  mix  it  with  the  fame  quantity  of  Glafs 
of  Lead  as  we  ordered  for  ores  rendered  refractory 
by  the  admixture  of  earths  and  ftones,  and  pro- 
ceed in  the  fame  manner. 

It  is  the  more  neceflary  to  roaft  Silver  ore  infeCt- 
ed  with  Sulphur  and  Arfenic,  becaufe,  as  Sulphur 
obftructs  the  fufion  of  Lead,  it  cannot  but  do 
hurt,  and  protrad  the  operation;  and  Arfenic 
does  mifchief,  on  the  other  hand,  by  fcorifyino-  a 
very  great  quantity  of  Lead  too.  haftily. 

When  the  Sulphur  and  Arfenic  are  diffipated  by 
roafting,  the  ore  muft  be  treated  like  that  which  is 
rendered  refradory  by  ftony  and  earthy  matters  ■ 
for  as  the  pyrites  contain  much  iron,  there  remains’ 
after  theSulphur  isevaporated,aconfidcrablequan- 
tity  of  martial  earth,  which  is  difficult  to  fcorify. 

ie  Pyr^es  as  well  as  the  cobalts,  contain  more- 
over an  unmetalJic  earth,  which  is  hard  to  fufe. 

The 
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The  general  rule  therefore  is,  when  the  ore  is 
rendered  refradtory  by  any  caufe  whatever,  to  mix 
it  with  Glafs  of  Lead,  and  to  add  a larger  quantity 
of  granulated  Lead.  Yet  fome  ores  are  fo  refractory 
that  Lead  alone  will  not  do  the  bufinefs,  and  re- 
jeourfe  muft  be  had  to  fome  other  dux.  That  which 
is  fitted:  for  the  prefent  purpofe  is  the  Black  Flux , 
compofed  of  one  part  of  Nitre  and  two  parts  of  Tar> 
tardeftagrated together.  The  Phlogifton  contained 
in  this  quantity  of  Tartar  is  more  than  fufficient  to 
alkalizate  the  Nitre.  This  Flux  therefore  is  nothing 
more  than  Nitre  alkalizated  by  Tartar,  mixed  with 
fome  of  the  fame  Tartar  that  hath  not  loft  its  Phlo- 
gifton, and’  is  only  reduced  to  a fort  of  coal. 

The  White  Flux  is  alfo  very  fit  to  promote  fufion ; 
but  on  this  occafion  the  Black  Flux  is  preferable, 
becaufe  the  Phlogifton  of  the  Black  Flux  pre- 
vents the  Lead  from  being  too  foon  converted  to 
litharge,  and  fo  gives  it  time  to  difiolve  the  me- 
tallic matters.  T he  White  Flux,  which  is  the  re- 
fult  of  equal  parts  of  Tartar  and  Nitre  alkalizated 
together,  being  no  more  than  an  Alkali  deftitute 
of  Phlogifton,  or  containing  but  very  little,  doth 
got  poffefs  this  advantage.. 

If  Silver  fhould  be  combined  in  the  ore  with 
Iron  in  its  metalline  date,  which  however  does  not 
commonly  happen,  then,  in  order  to  feparate  them, 
the  Iron  muft  be  deprived  of  its  Phlogifton,  and  con- 
verted to  a crocus  before  the  mixed  mals  be  melted 
with  Lead  ; which  may  be  done  by  diffolving  it  in 
.the  Vitriolic  Acid,  and  then  evaporating  the  Acid. 

We  are  necefiitated  to  make  life  of  this  contri- 
vance, becaufe  Iron  in  its  metalline  form  cannot 
be  diftblved  either  by  Lead  or  by  the  Glats  of 
Lead;  but  when  it  is  reduced  to  a calx,  litharge 
unites  with  it,  and  fcorifies  it.' 

If  you  have  not  at  hand  the  utenfils  necefiary  for 
pe rforming  the  operation  we  have  been  de fc r i b i n g i n 
1 a teftj 


Practice  of  Chymistry.  321 

a teft,  and  under  the  muffle;  or  if  you  have  a mind 
to  work  on  a greater  quantity  of  ore  at  a time,  you 
may  make  ufe  of  a crucible  for  the  purpofe,  and 
perform  the  operation  in  a melting  furnace. 

. In  this  cafe  the  ore  mull  be  prepared,  as  above 
diredted,  according  to  its  nature,  and  mixed  with 
a proper  quantity  of  Lead  and  Glafs  of  Lead  ; the 
whole  put  into  a good  crucible,  leaving  two  thirds 
thereof  empty,  and  covered  with  a mixture  of  Sea- 
falt  and  a little  Borax,  both  very  dry,  to  the  thick- 
nefs  of  a full  half  inch. 

This  being  done,  fet  the  crucible  in  the  midft  of 
a melting  furnace,  raife  the  coals  quite  to  the  lip 
of  the  crucible;  light  the  fire;  cover  the  furnace 
with  its  dome;  but  do  not  urge  the  fire  more  than 
is  neceffary  to  bring  the  mixture  to  perfect  fufion  : 
leave  it  thus  in  fufion  for  a good  quarter  of  an 
hour ; ftir  the  whole  with  a bit  of  firong  iron  wire  ; 
then  let  it  cool ; break  the  crucible,  and  feparate 
the  Regulus  from  the  fcoria. 

The  Salts  added  on  this  occafion  are  fluxes, 
and  their  ufe  is  to  procure  a perfect  fufion  of  the 
fcoria. 

. the  melted  matters  be  left  expofed  to '.the  fire, 
either  in  a teft,  or  in  a crucible,  longer  than  is 
above  prefcribed,  the  portion  of  Lead,  that  hath 
united  and  precipitated  with  the  Silver,  will  at  laft 
V1tnfy,  and  at  the  fame  time  fcorify  all  the  alloy 
with  which  that  metal  may  be  mixed.  But  as  there 
are  no  velfels  that  can  long  endure  the  adtion  of 
litharge  without  being  pierced  like  a fieve,  fome 
of  the  filver  may  efcape  through  the  holes  or  fif- 
fures  of  the  yeffel,  and  fo  be  loft.  It  is  better 
theiefore  to  complete  the  purification  of  your  SiL 
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PROCESS  II. 

¥he  refining  of  Silver  by  the  Cupel. 

TAKE  a cupel  capable  of  containing  one  third 
more  matter  than  you  have  to  put  into  it: 
let  it  under  the  muffle  of  a furnace,  like  that  de- 
fcribed  in  our  Theoretical  Elements,  as  peculiarly 
appropriated  to  this  fort  of  operation.  Fill  the 
furnace  with  charcoal;  light  it;  make  the  cupel 
red-hot,  and  keep.it  fo  till  all  its  moiffure  be  eva- 
porated; that  is,  for  about  a good  quarter  of  an 
hour,  it  the  cupel  be  made  wholly  of  *the  afhes  of 
burnt  bones;  and  for  a whole  hour,  if  there  be 
any  wafhed  wood-afli  in  its  compofition. 

Reduce  the  Regulus  which  remained  after  the 
preceding  operation  to  thin  little  plates,  flatting 
them  with  a fmall  hammer,  and  feparating  them 
carefully  from  all  the  adherent  fcoria.  Wrap  thefe 
in  a bit  of  paper,  and  with  a fmall  pair  of  tongs  put 
them  gently  into  the  cupel.  When  the  paper  is  con- 
fumed,  the  Regulus  will  foon  melt,  and  the  fcoria, 
which  will  be  gradually  produced  by  the  Lead  as  it 
turns  to  litharge,  will  be  driven  to  the  fides  of  the 
cupel,  and  immediately  abforbed  thereby.  At  the 
fame  time  the  cupel  will  affume  a yellow,  brown, 
or  blackifh  colour,  according  to  the  quantity  and 
nature  of  the  fcoria  imbibed  by  it. 

When  you  fee  the  matter  in  the  cupel  in  a. vio- 
lent ebullition,  and  emitting  much  fmoke,  lower 
the  fire  by  the  methods  formerly  prefcri bed.  Keep 
up  fuch  a degree  of  heat  only  that  the  fmoke  which 
afcends  from  the  matter  may  not  rife  very  high, 
and  that  you  may  be  able  to  diftinguifh  the  colour 
which  the  cupel  acquires  from  the  fcoria. 

Increafe  the  fire  by  degrees,  as  more  and  more 
litharge  is  formed  and  abforbed.  If  the  Regulus 
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examined  by  this  a (Pay  contain  no  Silver,  you  will 
ice  it  turn  wholly  into  fcoria,  and  at  1 aft  dii appear. 
When  it  contains  Silver,  and  the  quantity  of 
Lead  is  much  diminifhed,  you  will  perceive  little 
vivid  i rife's,  or  beautiful  rain- Bow  colours,  (hoot- 
ing fwifrly  along  its  furface,  and  crofting  each 
other  in  many  different  directions.  At  laft,  when 
all  the  Lead  is  deftroyed,  the  thin  dark  (kin,  that  is 
continually  protruded  by  the  Lead  while  it  is  turn- 
ing into  litharge,  and  which  hitherto  covered  the 
Silver,  fuddenly  difappears ; and,  if  at  this  moment 
the  tire  happen  not  to  be  (Irong  enough  to  keep  the 
Silver  in  fufion,  the  furface  of  that  metal  will  at 
once  dart  out  a dazzling  fplendour : but,  if  the  fire 
be  ftrong  enough  to  keep  the  Silver  in  fufion, 
though  freed  from  all  mixture  of  Lead,  this  change 
of  colour,  which  is  called'  its  fulguration , will  not 
be  fo  perceptible,  and.  the  Silver  Will  appear  like 
a bead  of  fire; 

Thefe  phenomena  fhew  that  the  operation  is 
finifhed.  But  thecupel  muftftill  be  left  a minute 
or  two  under  the  muffle,  and  then  drawn  (lowly 
out  with  the  iron  hook  towards  the  door  of  the 
furnace.  When  the  Silver  is  fo  cooled  as  to  be 
but  moderately  red,  you  may  take  the  cupel  from 
under  the  muffle  with  your  little  tongs,  and  in  the 
middle  of  its  cavity  you  will  find  an  exceeding 
white  bead  of  Silver,  the  lower  parr,  whereof  will 
be  unequal,  and  full  of  little  pits. 

OBSERVATIO  NS. 

Th  ERegulus  obtained  by  the  former  protefs  con- 
lifts  altogether  of  the  Silver  contained  in  the  ore, 
alloyed  with  the  other  metals  that  happened  to  be 
mixed  therewith  in  its  mineral  ftate,  and  a good 
deal  of  the  Lead  that  was  added  to  precipitate  th.£ 
Silver.  The  operation  of  the  cupelmay  be  confi- 
ned as  the  fe quel  of  that  procefs,  being  intended 
only  to  reduce  into  a (coria  whatever  is  not  Gold  or 

Y 2 Silver. 
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Silver.  Lead  being  of  all  metals  that  which  vitri- 
fies tne  mold  eafily,  which  moll  promotes  the  vitri- 
fication of  the  reft,  and  the  only  one  which,  when 
vjtrifieG,  penetrates  the  cupel,  and  carries  alono- 
with  it  the  other  metals  which  it  hath  vitrified  is 
consequently  the  fitted:  for  that  purpofe.  We  fhall 
fee  in  its  place  that  Bifmuth  hath  the  fame  pro- 
perties with  Lead,  and  may  be  fubftituted  for  it 
in  this  operation. 

Care  muft  be  taken  to  choofe  a cupel  of  a proper 
capacity.  Indeed  it  ftiould  rather  be  too  bio  than 
too  little:  be<;aufe  the  operation  is  no  way  preiudi- 
ced  by  an  excefs  in  its  fize  j whereas,  if  it  be  too 
lmall,  it  will  be  over-dofed  with  Lead,  and  at  laft 
the  fitnarge,  which  deftroys  every  thing,  will  cor- 
rode its  cavity,  and  eat  holes  through  the  very  body 
of  the  veftel.  Add  that  the  allies,  of  which  the 
cupel  is  made,  being  once  glutted  v/ith  litharge, 
abforb  it  afterwards  but  ftowly,  and  that  the  quan- 
tity of  this  vitrified  litharge,  becoming  too  great  to 
be  contained  in  the  fubftance  of  the  veftel,  exfudes 
through  it,  and  drops  on  the  floor  of  the  muffle, 
which  it  con  odes  and  renders  unequal  j and  more- 
over folders  to  it  the  veffels  let  thereon.  It  may 
be  laid  down  as  a general  rule  for  determining  the 
fize  of  a cupel,  that  it  weigh,  at  leaft,  half  as  much 
as  the  metallic  mafs  to  be  refined  in  it. 

It  is  alfo  of  the  utmoft  conlequence  that  the  cupel 
be  well  dried  before  the  metal  be  put  into  it.  In 
older  to  make  lure  of  this  point  it  muft  be  kept 
red-hot  for  a certain  time,  as  is  above  directed  : for 
tho  to  the  fight  and  to  the  touch  it  may  appear  very 
dry,  it  nevertheless  obftinately  retains  a lmall  mat- 
ter of  moifture,  fufficient  to  occafion  the  lofs  of fome 
of  the  metal;  which,  when  it  comes  to  melt,  will  be 
thereby  fpirited  up,  in  the  form  of  little  globules,  to 
the  very  roof  of  the  muffle.  The  cupels,  that  ftand 
moft  in  need  of  an  intenfe  heat  to  dry  them,  are  thofe 
. • • . . chiefly 
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chiefly  in  whofe  compofition  wood-afhes  are  employ- 
ed : for  whatever  care  be  taken  to  lixiviate  thofe 
. allies  before  they  are  tiled,  they  will  ftill  retain  a 
little  alkaline  fait  ; and  that,  we  know,  is  very 
greedy  of  moifture,  will  not  part  entirely  with  it, 
but  by  the  means  of  a violent  calcination,  and  pre- 
fently  re-imbibes  it  when  expofed  to  the  air. 

A little  Phlogifton  alfo  may  ftill  be  left  in  the  allies 
of  which  the  cupels  are  made ; and  that  is  another 
reafon  for  calcining  them  before  they  are  ufed.  By 
: this  means  the  remaining  Phlogifton  is  difflpated, 
which  might  otherwife  combine  with  the  litharge 
during  the  operation,  reduce  it,  and  occafion  fuch 
a ferment  in  the  matter  as  to  make  fome  of  it  run 
over : to  thefe  inconveniencies,  which  any  remain- 
1 der  of  moifture  or  Phlogifton  may  produce,  we  mull 
:add  the  cracks  and  flaws,  which  are  very  incident  to 
* cupels  not  perfectly  freed  from  both  thofe  matters. 

It  is  of  no  lefs  importance  to  the  fuccefs  of  this 
operation,  that  a due  degree  of  heat  be  kept  up. 

! In  the  procefs  we  have  defcribed  the  marks  which 
■ fhew  the  heat  to  be  neither  too  ftrong  nor  too 
'weak  ; when  it  exceeds  in  either  of  thefe  refpeds 
' nilay  be  known  by  the  following  figns. 

If  the  fume  emitted  by  the  Lead  rife  like  a fpout 
to  the  root  of  the  muffle ; if  the  furface  of  the  melt- 
ed metal  be  extremely  convex,  confideringthe  quan- 
tity of  the  mafs : if  the  cupel  appear  of  luch  a white 
lieat,  that  the  colour  communicated  thereto  by  the 
imbibed  fcoria  cannot  be  diftinguifhed:  all  thefe 
: lhew  th 1 at  the  heat  is  too  great,  and  that  it  ought  to 
be  dimimfhed.  If,  on  the  contrary,  thevapours only 
hover  as  it  were,  over  the  furface  of  the  metal : if  the 
melted  mafs  be  very  flat,  confldering  its  quantity; 
if  Its  ebtdlition  appear  but  faint;  if  the  /corU,  that 
»ppear  like  little  fiery  drops  of  rain,  have  but  a lan- 
guid motion;  if  the  fcoria  gather  in  heaps,  and  do 
r.otpcnerrate  thecupel;  if  the  metal  be  covered  with 
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weak3  and  ought  to  be  in  created. 


fhedefign  of  this  operation  being  to  convert  the 
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Lead  into  litharge,  and  to  give  it  Efficient  time 
and  opportunity  to  fcorify  and  carry  off  with  it 
whatever  is  not  Gold  or  Silver } the  fire  muff  be 
kept  up  to  %h  a degree  that  the  Lead  may  eafily 
be  turned  into  litharge,  and  yet  that  litharge  not 
be  -abforbed  too  hafiily  by  the  cupel,  but  that  a 

■ . quantity  thereof  may  all  along  remain,  like 
at  ring,  round  the  melted  metal. 

The  fire  is  to  be  gradually  increafed  as  the  ope^ 
ration  draws  ^nearer  to  its  end  : for,  as  the  propor- 
tion of  the  Lead  to  the  Silver  is  continually  leffen- 
ing,  the  metallic  mafs  gradually  becomes  lefs  fufi- 
ble ; wnile  the  Silver  defends  the  Lead  mixed  with 
it  ii om  the  action  of  the  fire,  and  prevents  its  be- 
ing eafily  converted  into  litharge. 

When  the  operation  is  finiffied,  the  cupel  muff 
ftill  be  left  under  the  muffle,  till  it  has  imbibed  all 
the  litharge,  to  the  end  that  the  bead  of  Silver  may 
be  eafily  taken  out : for,  without  this  .precaution,  it 
would  ftick  fo  fall  as  not  to  be  removed,  but  by 
breaking  off  part  of  the  cupel  along  with  it.  Care 
muff  alio  be  taken  to  let  this  beaci  of  Silver  cool  gra-t 
dually,  and  be  perfectly  fixed,  before  you  draw  it 
from  under  the  muffle  : for  if  you  expole  it  at  once 
to  the  cold  air,  before  it  be  fixed,  it  will  fvvell, 
fhoqt  into  fprigs,  and  even  dart  out  feveral  little 
grains  to  a confiderable  diftance,  which  will  be  loft. 

If  the  bead  appear  to  have  a yellowifh  tinge,  ’tis 
a fign  that  it  contains  a great  deal  of  Gold,  whicq 
muff  be  feparated  from  it  by  the  methods  to  be 
hereafter  fhewn. 

It  is  proper  to  obferve  that  there  is  fcarce  any 
Lead  that  does  not  contain  iome  Silver;  too  1 i t tl< 
perhaps  to  defray  the  charges  neceffary  to  teparate  it 
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vet  confiderable  enough  to  lead  us  into  an  error,  by 
mixing  with  the  Silver  obtained  from  an  ore,  and 
increafing  its  weight.  And  therefore, when  the  ope- 
;ations  above  defcribed  are  applied  to  the  aftaying 
of  an  ore,  in  order  to  know  how  much  Silver  it 
yields,  it  is  previoufly  neceffary  to  examine  the 
i Lead  to  be  ufed,  and  to  afceftaih  the  quantity  of 
Silver  it  contains,  which  muft  be  de  drifted  from 
the  total  weight  of  the  bead  of  Silver  obtained  by 
purifying  it'in  this  manner. 

Silver  may;be  feparated  from  its  ore,  arid  at  the 
fame  time  refined,  by  the  Angle  operation  of  the 
cupel,  without  any  previous  fcorification  with  Lead. 
In  order  to  do  this,  you  muft  pound  the  ore;  roaft 
it,  to  diffipate  all  its  volatile  parts;  mix  it  with  an 
equal  quantity -of  litharge,  if  it  be  refractory;  divide 
it  into  five  or  fix  parcels,  wrapping  each  in  a bit  of 
; paper;  weigh  out  eight  parts  of  granulated  Lead  for 
'.one  of  ore,  if  it  be  fufible,  and  from  twelve  to  fix- 

■ teen,  if  it  be  refractory ; put  one  half  of  theLead  into 
a very  large  cupel  under  the  muffle,  add  thereto  one 

<of  the  little  parcels  of  ore,  when  theLead  begins  to 
4 fmoke  and  boil ; immediately  flacken  the  fire  a lit* 

■ tie ; continue  the  fame  degree  of  heat  till  you  per- 
(ceive  that  the  litharge  formed  round  the  metal,  and 

on  its  furface,  begins  to  look  bright;  then  raife  the 
fire ; add  a f refti  parcel  of  ore ; continue  proceeding 
in  the  fame  manner  till  you  have  put  in  ail  the  ore ; 
tnen  add  the  remaining  half  of  the  granulated  Lead, 
and  conduct  the  fucceeding  part  of  the  operation 
jn  the  fame  manner  as  that  of  cupelling. 

In  this  operation  it  is  neceifary  that  the  fire  be  not 
too  ftrongly  Urged,  and  that  it  be  d'iminifhed  every 
time  you  add  a frefh  parcel  of  ore ; that  fo  theLead 
.and  the  litharge  may  have  time  to  difTolve,  fcorify, 
and  carry  off  into  the  pores  of  the  cupel,  all  the  ad- 
ventitious matters  with  which  your  Silver  may  be 
mixed.  Notwithstanding  this  precaution,  when  the 
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ore  is  refractory,  there- often  gathers  in  the  cunel  a 

thToreTat  co“lHfC°riai  t6£thcr  alfo  with  fo™  of 
It  is  with  a view  to  remedvdtihs1Ved  ^ • fcorified- 

the  ‘eC?nd,m°let>'  of  the  Lead  is  added  towards 
the  end,  which  completes  the  diffolurion  and  fco 

nficauon  of  the  whole , fo  that  by  means  thereof 

,s  “ » ik'  ^ 

The  operation  of  the  cupel  is  chiefly  ufed  to  pu- 

hCr  the/%  of  Copper;  becaufe  this 
metal,  being  more  fixed  and  harder  to  calcine  than 
other  metallic  Jubilances,  is  the  only  one  that  re- 
mains united  with  Silver  and  Lead,  after  mailing  and 
fcoiification  with  Lead.  It  requires  no  lefs  than  fix- 
teen  parts  or  Lead  to  deflroy  it  in  the  cupel,  and  fe- 
parate  it  from  Silver.  Ip  melts  into  one  mats  with 
the  Lead;  and  the  glafs  produced  by  tfiefe  two 
metals,  deprived  of  their  phlogifton,  inclines  to  a 
• 1 °.wn  or  a black  colour;  by  which  appearance  chiefly 
we  know  that  our  Silver  was  alloyed  with  Copper. 


PROCESS  HI. 

To  purify  Silver  by  Nitre. 

GRANULATE  the  Silver  you  intend  to  pu- 
rify,  or  reduce  it  to  thin  plates;  put  it  into  q 
good  crucible  ; add  thereto  a fourth  part  in  weight 
ofvtery  dry  pulverized  Nitre,  mixed  with  half  the 
weight  of  the  Nitre  of  calcined  Wine-lees,  and 
about  a fixth  pait  of  the  fame  weight  of  common 
glafs  in  powder.  Coyer  this  crucible  with  another 
crucible  inverted;  which  mud  beofiuch  a fize  that 
its  mouth  may  enter  a little  way  into  that  of  the 
lower  one,  and  have  its  bottom  pierced  with  a hole 
of  about  two  lines  in  diameter.  Lute  the  two  cru- 
cibles together  with  clay  and  Windfor-loam.  When 

the 
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the  lute  is  dry,  place  the  crucibles  in  a melting 
furnace.  Fill  the  furnace  with  Charcoal,  takinp- 
care  however  that  the  fuel  do  not  rile  above  the 
upper  crucible. 

Kindle  the  fire,  and  make  your  vefTels  of  a mid- 
dling-red heat.  When  they  are  fo,  take  up  with 
the  tongs  a live  coal,  and  hold  it  over  the  hole  of 
the  upper  crucible.  If  you  immediately  perceive 
a vivid  fplendour  round  the  coal,  and  at  the  fame 
time  hear  a gentle  hilling  noife,  it  is  a fign  that  the 
fire  is  of  a proper  ftrength ; and  i t mull  be  kept  up 
at  the  fame  degree  till  this  phenomenon  ceafe. 

T hen  increafe  the  fire  to  th  e degree  req  u ifite  to  keep 

pureSilverinfufion;  and  immediately  after  take  your 
vellels  out  of  the  furnace.  You  will  find  the  Silver 
at  the  bottom  of  the  lower  crucible,  covered  with 
a mafs  of  Alkaline  fcoria  of  a greenifh  colour.  If  the 
metal  be  not  rendered  perfectly  pure  and  dubtile  by 
tins  operation,  it  mult  be  repeated  a fecond  time. 

OBSERVAT  10  NS. 


The  purification  of  Silver  by  Nitre,  as  well  as 
the  procefs  for  refining  it  on  the  cupel,  is  founded 
on  the  property  which  this  metal  poffeffes  of  refill  in  o- 
the  force  of  the  ftrongeft  fire,  and  the  power  of  th? 

,a^ve  folf nts,  without  loling  its  phlogifton. 
Ihe  d Terence  between  thefetwo  operations  conlifts 
wholly  in  the  fubftances  made  ufe  of  to  procure  the 
'he  imperfedt  metals,  or  ferni-metals, 
that  may  be  combined  with  theSilver.  In  the  former 
this  was  obtained  by  Lead,  and  here  it  is  effected  by 
Nitre.  1 his  Salt,  as  we  have  ihewn,  hath  the  pro- 

C'ning  ancl  deltroying  all  me- 

tallic jubilances,  byconfuming  their  phlogifton  ex- 
cept the  perfedt  metals,  Gold  andSilver,  which  alone 
are  able  to  relift  its  force.  This  method  may  there- 
fore be  employed  to  purify  Gold  as  wel/as  Sil 
ver,  or  indeed  both  the  two  mixed  too-ether 
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In  this  operation  the  Nitre  is  gradually  alkali  - 
zated,  asits  Acid  isconfumed  with  the  phlogifton  of 
the  metallic  fubftances.  The  Alkaline  Salt  and 
pounded  glafs  are  added,  with  a view  to  promote 
the  fufion  of  the  metalline  calxes,  as  fad  as  they 
are  formed,  and  to  fix  and  retain  the  Nitre,  which, 
as  we  fhall  prefently  fee,  is  apt  to  fly  off  in  a cer- 
tain degree  of  heat. 

Theprecautionof  covering'the  crucible  with  ano- 
ther crucible  inverted,  which  hath  only  a final!  hole 
in  its  bottom,  isdefigned  topreventany  of theSilver 
from  being  loft  in  the  operation  : for  when  the  Ni- 
tre comes  to  be  afte'd  on  by  a certain  degree  of  heat, 
and  efpecially  when  it  deflagrates  with  any  inflam- 
mable matter,  part  of  it  flies  off,  and  fo  rapidly 
too  as  to  be  capable  of  carrying  off  with  it  a good 
deal  of  the  Silver.  Theiittle  hole  left  in  the  co- 
vering crucible  is  neceffary  for  giving  vent  to  the 
vapours,  which  rife  during  the  deflagration  of  the 
Nitre,  as  they  would  otherwife  open  themfelves  a 
paffage  by  burfting  the  veffels.  After  the  opera- 
tion this  vent  hole  is  found  befet  with  many  little 
particles  of  Silver,  which  would  have  been  loft  if 
the  crucible  had  not  been  covered. 

If  you  fhould  obferve,  during  the  detonation  of 
the  Nitre,  that  a great  many  vapours  iffue  through 
the  vent-hole  with  a confiderable  biffins noife,  even 
without  applying  the  coal,  you  muft  cake  it  for  a 
fign  that  the  fire  is  too  brifk,  and  accordingly  check 
it;  elfe  a great  deal  of  the  Nitre  will  be  diffipated, 
and  with  it  much  Silver. 

You  muff  obferve  to  take  the  Silver  out  of  the 
Areas  foon  as  it  is  in  fufion  : for  if  you  negledt  this, 
the  Nitre  being  entirely  diffipated  or  alkalizated, 
the  calxes  of  the  metals  deftroyed  by  it  may  poffibly 
recover  alittle  phlogifton,  communicated  either  by 
the  vapours  of  the  charcoal,  or  by  little  bits  of  coal 
accidentally  falling  into  the  crucible;  by  which 

means 
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means  fome  portion  of  thofe  metals  being  reduced 
will  mix  again  with  the  Silver,  prevent  its  having 
the  defired  degree  of  purity  and  ductility,  and 
oblige  you  to  begin  the  operation  afrefh. 

1 

PRO  C ESS  m 

To  dijfohe  Silver  in  Aqua  Fortis,  and  thereby  fepa- 
rate  it  from  every  other  metalline  Subfiance , The 
Purification  of  A qua  Fortis.  Silver  precipitated 
by  Copper, 

HpHE  Silver  you  intend  to  diflolve  being  beaten 
A into  thin  plates,  put  "it  into  a glafs  cucurbit; 
pour  on  it  twice  its  weightof  good  precipitated^^ 
Fortis ; cover  the  cucurbit  with  apieceofpaper,  and. 
Ft  it  on  a fand-bath  moderately  heated.  The  Aqua 
Fortis  will  begin  to  diflolve  the  Silver  as  foon  as  it 
comes  to  be  a little  warm.  Red  vapours  will  rife; 
and  from  the  upper  furfaces  of  the  Silver  there  will 
leem  to  iflTue  dreams  of  little  bubbles,  afcending  to 
the  top  of  the  liquor,  between  which  and  the  Silver 
they  will  form,  as  it  were,  a number  of  fine  chains-. 
this  is  a fign  that  the  diflolution  proceeds  duly,  and 
that  the  degree  of  heat  is  fuch  as  it  ought  to  be.  If 
the  liquor  appear  to  boil  and  be  agitated,  a great 
many  red  vapours  rifing  at  the  fame  rime,  it  is  a lien 
that  the  heat  is  too  great,  and  fhould  be  leflened  till 
it  be  reduced  to  the  proper  degree  indicated  above  : 
having  obtained  that,  keep  it  equally  up  till  no 
fnore  bubbles  or  red  vapours  appear. 

If  your  Silver  be  alloyed  with  Gold,  the  Gold 
will  be  found,  when  the  diflolution  is  frnifhed,  at 
the  bottom  of  the  veflel  in  the  form  of  a powder. 
The  folution  mud  now  be  decanted  while  it  is  yet 
warm;  on  the  powder  pour  half  as  much  frefh  Aqu* 
Fortis  as  before,  and  make  it  boil;  again  decant  this 
fecond  Aqua  Fortis , and  repeat  the  fame  a third 
2 time; 


332  Elements  of  the 

time;  then  with  fair  water  wafh  the  remaining  pow- 
der well ; it  will  be  of  a brown  colour  inclining  to 
red.  In  the  obfervations  we  fhall  fhew  how  the 
Silver  is  to  be  feparated  from  the  Aqua  Fortis. 

O B S E R VAFIO  NS. 

All  the  precedes  on  Silver  already  delivered, 
whether  for  extracting  it  from  its  ores,  or  for  refin- 
ing it,  either  by  the  Cupel  or  by  Nitre,  are  appli- 
cable to  Gold  alfo.  And  if  Silver  be  alloyed  with 
Gold  before  it  undergo  thofe  feveral  operations, 
it  will  (till  remain  alloyed  therewith  after  them,  in 
the  fame  manner,  and  in  the  fame  quantity;  becaufe 
both  metals  bear  them  equally.  All  therefore,  that 
can  be  expedted  from  thofe  feveral  afTays,  is  the  le- 
paration  of  every  thing  that  is  neither  Silver  nor 
Gold  from  thefe  two  metals.  But  in  order  to  fe- 
parate  thefe  two  from  each  other,  recourfe  mud  be 
had  either  to  the  procefs  laid  down  under  the  head 
of  Gold,  or  to  that  here  defcribed,  which  is  the 
mod  commodious,  the  mo  ft  ufual,  and  known  by 
the  names  of  Quartation  and  the  Parting  AJfay. 

Aqua  Fortis  is  the  true  Solvent  of  Silver,  and  is 
utterly  incapable  of  diffolving  the  lead  atom  of 
Gold.  If  therefore  a mafs  confiding  of  Gold  and 
Silver  be  expofed  to  the  action  of  Aqua  Fortis , that 
Acid  will  didolve  the  Silver  contained  in  the  com- 
pound, without  touching  the  gold,  and  the  two 
metals  will  be  feparated  from  each  other.  This 
method  of  parting  them  is  jud  the  reverfe  of  that 
defcribed  before  under  the  head  of  Gold,  which  is 
effected  by  the  means  of  Aqua  Regis. 

To  the  luccefs  of  this  feparation,  by  means  of  A- 
quaFortis , feveral  conditions  are  effen t i al ly  neceffary. 
'1  he  fird  is,  that  the  Gold  and  Silver  be  in  due  pro- 
portion to  each  other;  that  is,  there  mud  be  at  lead 
twice  as  much  Silver  as  Gold  in  the  metalline  mafs, 
otherwife  the  Aqua  Fortis  will  not  be  able  to  diffolve 
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it,  for  the  reafon  formerly  given.  If  therefore 
the  mafs  contain  too  little  Silver,  it  mult  either  be 
melted  down  again,  and  a proper  quantity  of  Sil- 
ver added ; or  elfe,  if  the  Gold  be  in  a fufficient 
proportion  to  the  Silver,  they  may  be  parted  by 
means  of  Aqua  Regis. 

Secondly,  it  isneceflary  that  th z Aqua  Fortis em- 
ployed in  this  operation  beabfolutely  pure,  and  free 
from  any  taint  of  the  Vitriolic  or  Marine  Acid : for, 
if  it  be  adulterated  with  the  Vitriolic  Acid,  the  Sil- 
ver will  precipitate  as  fall  as  it  diftolves,  and  fo  the 
precipitated  Silver  will  again  mix  with  the  Gold.  If 
the  Aqua  Fortis  contain  any  of  the  Marine  Acid, 
the  Silver  will  be  precipitated  in  that  cafe  alfo;  and 
this  inconvenience  will  be  attended  with  another, 
namely,  that  the  menftruum,  being  partly  an  Aqua 
Regis,  will  diffolve  fome  of  the  Gold.  You  mull 
therefore  be  very  fure  that  your  Aqua  Fortis  is  pure, 
before  you  fet  about  the  operation.  In  order  to  dif- 
cover  its  quality,  you  muft  try  it  by  dilfol ving,  in  a 
imaJl  portion  thereof,  as  much  Silver  as  it  will  take 

,the  Aqua  Fortis  Srow  0Paque  and  milky  as 
it  difiblves  the  Silver,  ftis  a fign  it  contains  fome 
foreign  Acid,  from  which  it  muft  be  purified. 

In  order  to  e£Fe<ft  this,  let  the  portion  of  Aqua 
Fortis  ufed  for  the  above  trial  ftand  to  fettle  • the 

rhe,  mi^pa™,7i11  Fadua%  fall  to  the  bottom 
of  the  veffel.  When  it  is  all  fallen,  gently  decant 
the  clear  liquor,  and  pour  a few  drops  of  this  de- 
canted lohmon  of  Silver  into  th eAqua  Fortis  which 
you  want  to  purify.  It  will  inftantly  become  milky 
Let  the  white  particles  precipitate  as  before,  and 
then  adda  fewmore  drops  of  your  folution  of  Silver. 
If  the  Aqua  Fortis  ftiil  become  milky,  let  it  preci- 

andrefcat  Ch'S  And  that  a drop 
£ 'Solutlon  «f Silver,  let  fall  into  this  Aqua 

loths,  does  not  make  it  in  the  leaft  turbid.  Then 

filter 
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filter  it  through  brown  paper,  and  you  will  hare  an. 
Aqua  Fortis  perfectly  fit  for  the  Parting  Allay. 
i he  white  particles  that  appear  and  fettle  to 
tne  bottom,  on  diflblving  Silver  in  an  Aqua  Fortis 
adulterated  with  a mixture  of  fome  foreign  Acid, 
are  no  other  than  that  very  Silver,  which  is  no 
fooner  diffolvecl  by  the  Nitrous  Acid  than  it  de- 
fers that  folvent  to  unite  with  the  Vitriolic  or 
Marine  Acid,  wherewith  it  has  a greater  affinity, 
and  falls  to  the  bottom  with  them.  And  this 
happens  as  long  as  there  remains  in  the  Aqua 
Forth  a fing-le  atom  of  either  ofthofe  two  Acids. 

When  therefore  your  Aqua  Fortis  hath  diffolvcd 
as- much  Silver  as  it  is- capable  of  taking  up,  and 
when  all  the  white  particles  formed  during  the  dif- 
folution  are  fettled  to  the  bottom,  you  may  be  af- 
fured  that  theportion  which  remains  clear  and  lim- 
pid is  a folution  of  Silver  in  an  exceeding  pur &Jqua 
Fortis.  But  if  the  folution  of  Silver  thus  depurat- 
ed be  mixed  with  an  Aqua  Fortis  adulterated  with 
the  Vitriolic  or  'fylarine  Acid,  a like  precipitation 
will  immediately  enfue,  for  the  reafons  above  given, 
till  the  very  laft  particle  of  the  heterogeneous 
Acid  contained  in  the  Aqua  Fortis  be  precipitated. 

Aqua- Fortis  purified  by  this  method  contains  no 
extraneous  fubliance  whatever,  except  afmall  por- 
tion- of  Silvern  lo  that  it  is  very  fit  for  the  parting 
procefs.  But  if  it  be  intended  for  other  chymical 
purpofes,  it  muft  be  rectified  in  a glafs  retort  with 
a moderate  heat,  in  order  to  feparate  it  from  the 
fmall  portion  of  Silver  it  contains,  which  will  re- 
main at  the  bottom  of  the  retort. 

The  third  condition  neceflaryto  the  fuccefsof  this 
operation  is,  that. your  Aqua  Fortis  be  neither  too 
aqueous,-  nor  too  highly  concentrated.  If  too  weak, 1 
it  will  not  aft  upon  the  Silver:  and  the  confequence 
will  be  the  .fame  if  it  be:to.o  llrong.  Both  thefe  in- 
coifvenieneies  are  eafjly  remedied:  for  in  the  former 
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cafe  pan  of  the  fuperftuous  phlegm  may  be  drawn 
off  by  diftiliation  j ora  Efficient  quantity  of  much 
itronger  Aqua  Forth  may  be  mixed  with  thatwhich 
is  too  weak  r and  in  the  latter  cafe,  very  pure 
rain  water,  or  a weaker  Aqua  Fortis , may  be 
mixed  with  that  which  is  too  ftrong. 

You  may  fatisfy  yourfelf  whether  or  noyour^w* 
Forth  hath  the  requifite  degree  of  ftrength,  by  dif- 
folving  therein  a thin  plate  confining  of  one  part 
Gold  and  two  or  three  parts  Silver;  which  plate 
inuft  be  rolled  in  form  of  a paper  coffin.  If,  when 
all  the  Silver  contained  in  the  plate  is  diffolved, 
the  Gold  remains  in  the  form  of  the  coffin,  it  is  a 
fign  that  your  Solvent  has  a duedegree  offtrength. 
If,  0il  contrary,  the  Gold  be  reduced  to  a pow- 
der, it  is  a proof  that  your  Aqua  Fortis  is  too 
ftrong,  and  ought  to  be  weakened, 

. The  Gold  remaining  after  the  diffolution  of  the 
Silver  mull  be  melted  in  a crucible  with  Nitre  and 
Ecrax,  as  hath  already  been  laid  under  the  procefs 
1 °r  Parting  Gold  and  Silver  by  means' o f Aqua  Re- 
Kgis.  As  to  the  Silver  which  remains  diffolved  in  the 
Aqua  Forth , there  are  leveral  ways  to  recover  it. 

Themoft  ufual  is  to  precipitate  it  by  theinterpo- 
. lition  of  Copper,  which  bath  a greater  affinity 
than  Silver  with  the  Nitrous  Acid*.  For  this  pitr- 
! Poie  the  f°Hnion  is  weakened  by  adding  twice  or 
[ tlince  as  mufh  very  pure  rain  water.  The  cucurbit 
containing  the  folution  is  fet  on  a fan d- bath  gently 

1 rand  clean  plates  of  copper  put  into  it? 

Jhe  I urf  aces  of  thefe  plates  are  foon  covered  with 
little  white  fcales,  which  gradually  fall  to  thebot- 
uofn  or  the  veiled,  as  they  come  to  be  collected  in 
quantities.  Ic  is  even  proper  to  ftrike  the  cucurbit 
gently  nowand  then,  in  order  to  lhake  the  feales 

room  fVCr  " C°pper  plares'  llnd  fo  make 

room  tor  a new  crop. 

the  Table  of  Affinities,  Column  IV. 
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The  Aqua  Forth  parts  with  the  Silver  by  degrees 
onlVj  as  it  diffolves  the  Copper;  and  therefore  the 
liquor  gradually  acquires  a bluifh  green  colour  as 
the  precipitation  advances.  This  precipitation  of 
the  Silver  is  to  be  continued  as  long  as  any  remains 
difTolved  in  th zAqua  Fortis : you  may  befurethat 
your  liquor  contains  no  more  Silver,  if  the  furface 
of  a frefh  plate  of  Copper  laid  therein  remain  clean 
and  free  from  afh-coloured  or  greyifh  particles; 
or  if  one  drop  of  a folution  of  Sea-falt  let  fall  into 
it  produce  no  white  or  milky  cloud. 

The  precipitation  being  finifhed,  the  liquoris  to 
be  gently  poured  off  from  the  precipitated  Silver, 
which  muft  be  rinfed  in  feveral  waters,  and  even 
made  to  boil  therewith,  in  order  to  free  it  wholly 
from  the  diflolved  Copper.  The  Silver  thus  well 
wafhed  muft  be  thoroughly  dried,  mixed  with  a 
fourth  of  its  weight  of  a flux  compounded  of  equal 
part  of  Nitre  and  calcined  Borax,  and  then  melted 
in  a crucible.  On  this  occafion  care  muft  be  taken 
to  raife  the  fire  gently  and  gradually,  till  the  Sil- 
ver be  brought  to  fuflon. 

With  whataccuracyfoevertheprecipitated  Silver 
be  wafhed,  in  order  to  free  it  from  the  folution  of 
Copper,  yet  the  Silver  will  always  be  found  alloyed 
with  a fmall  portion  of  the  Copper:  but  then  this 
Copper  is  eafily  deftroyed  by  the  Nitre,  with  which 
the  Silver  is  afterwards  melted ; fo  that  the  latter 
metal  remains  perfe&lv  pure  after  the  operation. 

Though  the  Silver  be  notprevioufly  cupelled,  but 
be  alloyed  with  other  metallic  fubftances  at  the  time 
it  is  thus  diflolved,  yet  the  diflolving,  precipitating, 
andfufingitwithNitre  wouldbefufflcienttofeparate 
it  accurately  from  them  all,  and  refine  it  to  a degree 
of  purity  equal  to  that  obtained  by  the  cupel. 

The  Copper  that  remains  diflolved  by  the  Aqua 
Fortis , after  the  precipitation  of  the  Silver,  may  ill 
like  manner  be  precipitated  by  Iron,  and,  as  it  re- 
tains 
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tains  a (mall  portion  of  Silver,  ought  not  to  be  ne- 
ffleflredwhen  thefe  operations  are  performed  on  con- 
siderable quantities. 

In  the  two  next  proceffes  we  Iball  fhevv  two  other 
methods  of  feparating  Silver  from  Aqua  Fortis. 


PROCESS  V. 

To  Jeparate  Silver  from  the  Nitrous  Acid  by  DiftiUa- 
tion.  Cryjla'ls  of  Silver.  The  Infernal  Stone. 

INTO  a large,  low,  glafs  body  put  the  folution 
of  Silver,  from  which  you  intend  to  feparate  the 
Silver  by  diftillation.  To  this  body  fit  a tubulated 
' head  provided  with  its  ftopple.  Set  this  alembic 
Jn  a fand-bath,  fo  that  the  body  may  be  almofl; 
covered  with  fand:  apply  a receiver,  and  diflil  with 
.a  moderate  heat,  fo  that  the  drops  may  fucceed 
teach  other  at  the  diftance  of  fome  feconds.  If  the 
rreceiver  grow  very  hot,  check  the  fire.  When  red 
vapours  begin  to  appear,  pour  into  the  alembic, 
Through  the  hole  in  its  head,  a frefh  quantity  of 
tyour  folution  of  Silver,  firft  made  very  hot.  Con- 
ttmue  diftiHing  in  this  manner,  and  repeating  the 
'addition  of  frefh  liquor,  till  all  your  folution  be  put 
into  the  alembic.  When  you  have  no  more  frefh 
lolution  to  put  in,  and  when,  the  phlegm  being  all 
come  over,  red  vapours  begin  again  to  appear,  con- 
vey into  the  alembic  half  a dram  or  a dram  of  tal- 
low, and  diftill  to  drynefs ; which  being  done,  in- 
creafe  your  fire  fo  as  to  make  the  veffel  containing 
the  fand-bath  red-hot.  In  the  alembic  you  will 
hnd  a calx  of  Silver,  which  mult  be  melted  in  a 
-rucible  with  fome  l'oap  and  calcined  wine-lees. 


VOL.  I. 
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O B S E R V A <T  I O N S. 

Alow  cucurbit  is  recommended  For  this  opera- 
tion, to  the  intent  that  the  particles  of  the  Nitrous 
Acid,  which  are  ponderous,  may  the  more  eafily 
be  carried  up  and  pafs  over  into  the  receiver.  For 
the  fame  reafon  the  cucurbit  is  dire&ed  to  be  al- 
moft  wholly  covered  with  fand  j left  otherwife  the 
acid  vapours  fhould  be  condenfed  about  that  part 
of  the  cucurbit,  which,  being  out  of  the  fand, 
would  be  much  cooler  than  that  which  is  encom- 
paffed  therewith,  and  from  thence  fhould  fall  back 
again  to  the  bottom  ; by  which  means  the  didilla- 
tion  would  certainly  be  retarded,  and  the  veffel 
probably  be  broken. 

Notwith (landing  thefe  precautions  fhe  veffels 
are  liable  to  break  in  fuch  diftillations;  efpecially 
when  they  contain  a great  deal  of  liquor.  With 
a view  therefore  to  prevent  this  accident,  we  or- 
dered that  the  whole  quantity  of  the  folution  of 
Silver  to  be  diddled  fhould  not  be  put  at  once  into 
the  alembic.  The  little  bit  of  tallow,  added  to- 
wards the  end  of  the  operation,  is  intended  to  hin- 
der the  metal  from  adhering  clofely  to  the  veffel, 
as  it  would  otherwife  do,  when  all  the  moifture  is 
difiipated. 

The  Soap  and  Fixed  Alkali  mixed  with  the  Sil- 
ver to  dux  it,  after  its  feparation  from  the  Aqua 
Forth  in  this  way,' Terve  to  abforb  fuch  of  the  mod 
fixed  particles  of  the  Acid  as  may  dill  remain 
united  with  the  metal.  . 

If  the  didillation  be  dopped  when  part  of  the 
phlegm  is  drawn  off,  and  the  liquor  be  then  differed 
to  cool,  many  crydals  will  fhoot  therein,  which  are 
a Neutral  Salt  conftituted  of  the  Nitrous  Acid  and 
Silver.  If  the  didillation  be  carried  further,  and 
dopped  when  near  its  conclufion,  the  liquor  being 
3 ' then 
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then  buffered  to  cool,  will  wholly  coagulate  into  a 
blackifh  mafs  called  the  Infernal  Stone. 

This  way  of  feparating  Silver  from  its  folvent  is 
attended  with  the  advantage  of  favingall  th t Aqua 
Fortis,  which  is  excellent,  and  fit  to  be  employed 
in  other  operations. 


PROCESS  VI. 

To  feparate  Silver  from  the  Nitrous  Acid  hy  Precipi- 
tation. Luna  Cornea.  Luna  Cornea  reduced. 

[INTO  your  folution  of  Silver  pour  about  a 
[JL  fourth  part  in  weight  of  Spirit  of  Salt,  folution 
of  Sea-falt,  or  folution  of  Sal  Ammoniac.  The  li- 
quor will  inftantly  become  turbid  and  milky.  Add 
Wice  or  thrice  its  weight  of  fair  water,  and  let  it 
tand  fome  hours  to  fettle.  It  will  depofite  a white 
'owder.  Decant  the  clear  liquor,  and  on  the  pre- 
ipitate  pour  frefh  Aqua  Fortis , or  Spirit  of  Salt, 

1 nd  warm  the  whole  on  a fand-bath  with  a gentle 
eat  for  fome  time.  Pour  off  this  fecond  liquor, 
nd  boil  your  precipitate  in  pure  water,  fhifting  it 
:veral  times,  till  the  precipitate  and  the  water  be 
oth  quite  infipid.  Filter  the  whole,  and  dry  the 
recipitate  which  will  be  a Luna  Cornea}  and  muff 
e reduced  in  the  following  manner. 

Smear  the  infide  of  a good  crucible  well  with 
>ap.  Put  your  Luna  Cornea  into  it ; cover  it  with 
ilfits  weight  of  Salt  of  Tartar,  thoroughly  dried 
id  pulverifed  ; prefs  the  whole  hard  down  ; pour 
uereon  as  much  oil,  or  melted  tallow,  as  the  pow- 
-r  is  capable  of  imbibing;  fet  the  crucible  thus 
larged,  and  clofe  covered,  in  a melting  furnace, 
id,  for  the  firft  quarter  of  an  hour,  make  no  more 
e than  is  neceffary  to  make  the  crucible  mode- 
tely  red : after  that  raife  it  fo  as  to  melt  the  SiL 

, Z 2 _ ver 
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ver  and  the  Salt,  throwing  into  the  crucible  from 
time  to  time  little  bits  of  tallow.  When  it  ceafes 
to  fmoke,  let  the  whole  cpol  ; or  pour  it  into  a hol- 
low iron  cone,  warmed  and  tallowed. 

OBSERVATIONS. 

The  procefs  here  delivered  furni flies  us  with  the 
means  of  procuring  Silver  in  a degree  of  purity 
which  is  not  to  be  obtained  by  any  other  method 
of. treating  it  whatever.  That  which  is  refined  on 
the  cupel  always  retains  a fmall  portion  of  copper, 
from  which  it  cannot  pofiibly  be  leparated  in  that 
way:  but  if  it  be  diffolved  in  Aqua  Fortis , and 
precipitated  thence  in  a Luna  Cornea  by  the  Marine 
Acid,  the  precipitate  will  be  an  abfolutely  pure 
Silver,  unalloyed  with  that  fmall  portion  of  Copper 
which  it  retained  on  the  cupel.  The  reafon  of  this 
effed  is,  that  the  Copper  remains  as  perfectly  dif- 
folved in  Spirit  of  Salt  and  in  Aqua  Regia  as  in  Aqua 
Fortis : fo  that  when  the  Silver,  and  the  Copper 
with  which  it  is  alloyed,  are  diflolved  together  in 
the  Nitrous  Acid,  if  the  Acid  of  Sea-falt  be  mixed 
with  the  folution,  part  of  this  latter  Acid  unites 
with  the  Silver,  and  therewith  forms  a new  com- 
pound, which  not  being  foluble  in  the  liquor,  falls 
to  the  bottom.  The  other  part  of  the  Acid  mix- 
ing with  the  Nitrous,  forms  a n Aqua  Regis , in 
which  the  Copper  remains  diflolved,  without  fepa- 
ratino;  from  it. 

C?  # . 

Frefh  Acid  is  poured  on  the  precipitated  calx  of 
Silver,  in  order  to  complete  the  folution  of  the 
fmall  portion  of  Copper  that  may  have  efcaped  the 
adion  of  the  fir  ft  folvent.  It  is  indifferent  whether 
the  Spirit  of  Salt  or  the  Spirit  of  Nitre  be  employed 
for  thispurpofe,  becaufe  they  both  diffolve Copper j 
alike,  and  becaufe  Siver  precipitated  by  Spirit  of 
Salt  is  not  foluble  in  either. 

After 
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After  this  it  is  neceffary  to  wafh  the  precipitate 
veil  with  pure  water,  in  order  to  free  it  entirely 
rom  the  particles  of  Aqua  Fortis  adhering  to  the 
silver ; becaufe  they  may  poffibly  contain  fome- 
hing  of  Copper,  which  would  mix  with  the  Silver 
.a  melting,  and  taint  its  purity. 

If  this  precipitate  of  Silver  be  expofed  to  the 
re,  unmixed  with  any  other  fubftance,  it  melts  as 
oon  as  it  begins  to  be  red  ; and  if  the  fire  be  in- 
reafed,  part  thereof  will  bedifiipated  in  vapours, 
nd  the  reft  will  make  its  way  through  the  crucible, 
lut  being  poured  out  as  foon  as  melted,  itcoagu- 
ates  into  a cake  of  a purplifh  red  colour,  femi- 
ranfparent,  ponderous,  and  in  fome  degree  pliable, 
fpecially  if  it  be  very  thin.  It  bears  fome  refem- 
lance  to  horn,  which  hath  occafioned  it  to  be 
i ailed  Luna  Cornea. 

As  Luna  Cornea  is  not  folublein  water,  recourfe 
nift  be  had  to  fufion,  in  order  to  reduce  it,  by  fe- 
arating  from  the  Silver  thofe  acids  which  give  it 
le  abovementioned  properties.  Fixed  Alkalis  and 
tty  matters  are  very  fit  to  produce  that  fepara- 
on. 

We  directed  that  the  infide  of  the  crucible,  in 
hich  the  reduction  is  to  be  made,  fhould  be  care- 
illy  fmeared  with  foap,  and  that  the  Luna  Cornea 
lould  be  quite  covered  with  a Fixed  Alkali  and 
it,  to  the  end  that  when  the  heat  is  ftrong  enough 
> diffipate  ir  in  vapours,  or  to  attenuate  it  fo  as  to 
nder  it  capable  of  penetrating  thecrucible,  it  may 
[ : forced  to  pafs  through  matters  qualified  to  ab- 
I rb  its  Acid,  and  reduce  it. 

Luna  Cornea  may  alfo  be  reduced  by  beino- 
1 cited  with  fuch  metalline  fubftances  as  have  a 
'eater  affinity  than  Silver  with  the  Acids  where- 
with it  is  impregnated.  Of  this  kind  are  Tin, 
i cad,  Regulus  of  Antimony  : but  the  Luna  Cornea 
Hies  fo  impetuoufly  into  conjunction  with  thole 

^ 3 metal- 
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metalline  fubftances,  that  a va ft  many  vapours  arife, 
and  carry  off  with  them  part  of  the  Silver:  if 
therefore  you  chufe  to  effect  the  redu&ion  by  the 
interpofitionof  fuch  metalline  fubftances,  you  mu  ft 
■employ  a retort  inftead  of  a crucible. 

But  this  method  is  attended  with  another  incon- 
venience ; which  is,  that  fome  part  of  thole  metal- 
line fubftances  may  unite  with  the  Silver,  and  adul- 
terate it  ; for  which  reafon  it  is  beft  to  keep  to  the 
method  firft  propofed. 

— — 8gggag«raw  i-  inr;v.-r»» — 

PROCESS  VII. 

To  diffolve  Silver , and  Jeparate  it  from  Gold}  by 

Cementation, 

MIX  thoroughly  together  fine  brick-duft  four 
parts,  Vitriol  calcined  to  rednefs  one  part, 
and  Sea-falt  or  Nitre  one  part.  Moiften  this  pow- 
der with  a little  water.  With  this  cement  cover  the 
bottom  of  a crucible  half  an  inch  thick ; on  this  firft 
bed  lay  a thin  plate  of -the  mafs  of  Gold  and  Silver 
you  intend  to  cement,  and  which  you  muft  previ- 
oufly  take  care  to  be^t  into  fuch  thin  plates.  Cover 
this  plate  with  a fecond  layer  of  cement,  of  the 
fame  thicknefs  as  the  former ; on  this  fecond  bed 
lay  another  plate  of  your  metal ; cover  it  in  like: 
manner  with  cement ; and  fo  proceed  till  the  cru- 
cible be  filled  to  within  half  an  inch  of  its  brim., 
Fill  up  the  remaining  fpace  with  cement,  and  dole; 
the  crucible  with  a cover,  luted  with  a pafte  made 
of  Windfor-loam  and  water:  fet  your  crucible 
thus  charged  in  a furnace,  whofe  fire-place  is  deep# 
enough  to  let  it  be  entirely  furrounded  with  coals, 
quite  up  to  its  mouth.  Light  fome  coals  in  the 
furnace,  taking  care  not  to  make  the  fire  very  brifk 
at  firft.;  encreafe  it  by  degrees,  but  only  fo  far  as 

to 
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to  make  the  crucible  moderately  red  ; keep  up  the 
fire  in  this  degree  for  eighteen  or  twenty  hours : 
then  let  the  fire  go  out ; open  the  crucible  when  it 
is  cold,  and  feparate  the  cement  from  your  plates 
of  Gold.  Boil  the  Gold  repeatedly  in  fair  water, 
till  the  water  come  off  quite  infipid. 

OBSERVATIONS . 

It  cannot  but  feem  ftrange  that,  after  having  fo 
1 often  declared  the  Acid  of  Sea-falt  to  be  incapable 
of  diffolving  Silver,  we  fhould  direft  either  Nitre 
or  Sea-falt  indifferently  to  be  employed  in  com- 
pofing  a cement,  which  is  to  produce  an  Acid  ca- 
pable of  eating  out  all  the  Silver  mixed  with  Gold. 
It  is  eafy  to  conceive  how  the  Nitrous  Acid  extri- 
cated from  its  bafis  by  means  of  the  Vitriolic  Acid 
may  produce  this  effecft : but  if  Sea-falt  inflead  of 
'Nitre  be  made  an  ingredient  in  the  cement,  its 
Acid,  tholigh  fet  at  liberty  in  the  fame  manner  by 
:he  Vitriolic  Acid,  mull  at  firfh  fight  appear  unable 
:o  anfwer  the  end. 

In  order  to  remove  this  difficulty  we  rnufl  here 
ffiferve  that'  there  are  two  very  effential  differences 
between  the  Marine  Acid  collefled  in  a liquor,  as 
} is  when  diflilled  in  the  ufual  manner,  and  the 
ame  Acid  feparated  from  its  bafis  in  a crucible,  as 
•t  is  in  cementation. 

Thefirfl  ofthefe  two  differences  is,  that  the  Acid 
ueing  reduced  into  vapours  when  it  a£ts  on  the  Sil- 
ver in  cementation,  its  activity  is  thereby  greatly 
.ncreafed  . the  fecond  is,  that  in  the  crucible  it 
’uftaius  a vaflly  greater  degree  of  heat  than  it  can 
^ver  bear  when' it  is  in  the  form  of  a liquor.  For 
ifter  it  is  once  diflilled  and  feparated  from  it*s  bafis" 
t cannot  fuflain  any  extraordinary  degree  of  heat 
without  being  volatilized  and  entirely  diffipated  : 
v here  as  while  it  continues  united  with  its  bafis  it  is 
111  ch  more  fixed,  and  cannot  be  feparated  but  by  a 

Z 4 • very 
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very  in  ten  fe  heat  Confequently,  if  it  meet  with 

any  body  to  diffolve,  at  the  very  inftant  of  its  fepa- 
ration  from  its  bafis,  while  it  is  actuated  bvamuch 
fiercer  heat  than  can  ever  be  applied  to  ft  on  anv 
other  occafion,  it  muft  operate  upon  that  body 
witn  fo  much  the  more  efficacy  : and  thus  it  comes 
to  pals  that  in  cementation  it  has  the  power  of 
diffolving  Silver,  which  it  would  be  incapable  of 
touching  if  it  were  not  fo  circumftanced. 

But  herein  Gold  differs  from  Silver  : for.  what- 
evei  foice  the  Nitrous  or  the  Marine  Acid  may 
exert,  when  extricated  from  their  bafes  in  the 
Cementing  crucible,  this  metal  obftinately  refufes 
to  yield  to  either  of  thofe  Acids  feparately  and 
can  never  be  diffolved  by  them,  unlefs  both  be 
united  together. 


Our  cementation  therefore  is  actually  a parting 
procefs  in  the  dry  way.  The  Silver  is  diffolvecff 
and  the  Gold  remains  unaltered.  Nay,  as  the’ 
adtion  of  the  Acids  is  much  ftronger  when  they  are 
applied  this  way,  than  when  they  are  ufed  for  dif- 
folution  in  the  moift  way,  the  Nitrous  Acid,  which 
in  the  common  parting  procefs  will  not  diffolve 
Sliver  unlefs  its  weight  be  double  that  of  the  Gold, 
is  able  in  cementation  to  diffolve  a very  fmall  quan- 
tity of  Silver  diffufed  through  a large  quantity  of 
Gold. 


Itfometimes  happens  that  after  the  operation  the 
cement  proves  extremely  hard,  fo  that  it  is  very 
troublefome  to  feparate  it  entirely  from  the  Gold. 
In  this  cafe  it  mufc  be  foftened  by  moiftening  it  with 
hot  water.  This  hardnefs  which  the  cement  ac- 
quires is  occasioned  by  the  fufion  of  the  Salts,  which 
is  the  effedl  of  too  llrong  a heat.  It  was  in  order  to 
prevent  this,  and  that  a due  degree  of  heat  might 
be  applied,  without  the  danger  of  melting  the  fairs 
that  we  directed  the  cement  to  be  mixed  with 
g confiderable  quantity  of  earthy  matter  incapable 

of 
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of  fufion,  fuch  as  brick-duft.  A greater  inconve- 
nience ftill  will  cnfue,  if  the  fire  be  made  fo  flrong 
as  to  melt  the  Gold  : for  then  it  will  partly  corn- 
mix  again  with  the  other  metalline  fubfrances  dif- 
iolved  by  the  cement,  and  conlequently  wiil  not 
be  purified. 

The  crucible  is  covered,  and  its  cover  luted  on, 
to  prevent  the  acid  vapours  from  being  too  loon 
dilfipated,  and  to  force  them  to  circulate  .the  longer 
in  the  crucible.  However,  it  is  necefiary  tliatthofe 
vapours  fnould  find  a vent  at  left,  otherwife  they 
would  burft  the  vefiel : and  for  this  reafon  we  di- 
rected the  crucible  to  be  luted  only  with  Windfor- 
loam,  which  does  not  grow  very  hard  by  the  adlion 
of  fire,  and  fo  is  capable  of  yielding  and  givino 
pafiage  to  the  vapours,  when  a certain  quantity  ol' 
them  is  collected  in  the  crucible,  and  they  begin 
to  firuggle  for  an  efcape  on  every  fide. 

When  the  operation  is  finifhed,  the  Silver  dif- 
folved  by  the  Acid  of  the  cement  is  partly  diftri- 
buted  through  the  cement,  and  partly  in  the  Gold 
itfelf,  which  is  impregnated  therewith.  For  this 
reafon  the  Gold  muft  be  wafhed  feveral  times  in 
boiling  water,  till  the  water  become  abfolutely  in- 
fipid  : for,  if  the  Gold  be  melted  without  this  pre- 
caution, it  will  rnix  again  with  the  Silver  ; the  ce- 
ment alio  may  be  wafhed  in  the  fame  manner  to 
recover  the  Silver  it  contains 


1 hough  this  cementation  be,  properly  fpeakin^, 
a purification  of  Gold,  yet  we  have  placed  it  arnoifo 
the  precedes  on  Silver,  becaufe  it  is  the  Silver  thal 
js  dmolved  on  this  occafion,  and  becaufe  this  is  a 
particular  way  of  diffolving  that  metal.  Moreover 
mo  t of  the  proceffes  hitherto  delivered,  either  on 
Gold  or  Silver,  are  equally  applicable  to  both  thefe 
metals. 


If  the  Gold  do  not  appear  quite  pure,  after 
cementation,  the  procefs  muft  be  repeated. 


There 
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^ There  are  feveral  ways  to  know  the  finenefs  of 
Gold,  the  quantity  of  Silver  with  which  it  is  alloy- 
ed, and  the  proportion  in  which  thefe  two  metals 
are  mixed  in  a mafs  purified  by  the  cupel. 

One  of  the  fimpleft  is  the  trial  by  the  Touch- 
ffone;  which  indeed  is  hardly  any  more  than  judg- 
ing by  the  eye  only,  from  the  colour  of  the  com- 
pound metal,  what  proportion  of  Gold  and  Silver 
it  contains. 

The  Touch-ffone  is  a fort  of  black  marble, 
whofe  furface  ought  to  be  half  polifhed.  If  the 
metalline  mafs  which  you  want  'to  try  be  rubbed 
on  this  hone,  it  leaves  thereon  a thin  coat  of  metal, 
the  colour  of  which  may  be  eafily  obferved.  Such 
as  are  accuftomed  to  fee  and  handle  Gold  and  Sil- 
ver can  at  once  judge  very  nearly  from  this  fample 
in  what  proportion  the  two  metals  are  combined: 
hut,  for  greater  accuracy,  thofe  who  are  in  the 
way  of  having  frequent  occafion  for  this  trial  are 
provided  with  a fufficient  number  of  fmall  bars  or 
needles,  of  which  one  is  pure  Gold,  another  pure 
Silver,  and  all  the  reft  confift  of  thefe  two  metals 
mixed  together  in  different  proportions,  varied 
vby  carats,  or  even  by  fraflions  of  carats,  if  greater 
exacffnefs  be  required. 

The  finenefs  of  each  needle  being  marked  on  it, 
that  needle,  whofe  colour  feems  to  come  neareft  the 
colourofthemetallineftreakon  the  Touch-ffone,  is 
nibbed  on  the  (tone  by  the  fide  of  that  ftreak.  This 
needle  likewife  leaves  a mark  ; and  if  there  appear 
to  be  no  difference  between  the  tvVometallineftreaks, 
the  metalline  mafs  isjudged  to  be  of  the  fame  fine- 
nefs as  the  needle  thus  compared  with  it.  If  the 
eye  difcovers  afenfible  difference,  another  needle  is 
fought  for  whofe  colour  may  come  nearer  to  that  of 
the  metal  to  be  tried.  But  though  a man  be  ever 
fo  wellverfed  in  judging  thus  of  the  finenefs  of  Gold 
by  the  eye  only,  he  can  never  be  perfectly  and  ac- 
curately 
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curately  fure  of  it  by  this  means  alone.  If  fuch 
certainty  be  required,  recourfe  muft  be  had  to  the 
parting  allay;  and  yet  when  you  have  gone  through 
it,  there  always  remains  a finall  quantity  of  the 
metal,  which  fhould  have  been  diffolved,  and  yet 
efcaped  the  adion  of  the  folvent.  For  example, 
if  you  make  life  of  Aqua  Regis , the  Silver  that  re- 
mains after  the  operationftillcontalns  a little  Gold; 
and,  if  you  make  life  of  Aqua  Fortis , the  Gold  that 
remains  after  the  operation  ftill  contains  a little 
Silver.  And  therefore  if  you  refolve  to  carry  the 
leparation  of  thefe  two  metals  ftill  further  by  fol- 
vents,  it  will  be  neceftary,  after  you  have  gone 
through  one  parting  procefs,  to  perform  a fecond 
the  contrary  way.  For  example,  if  you  begin  with 
Aqua  Fortis , then,  after  it  has  diftbJvedall  the  Silver 
in  the  metalline  mafs  that  it  is  capable  of  taking  up, 
diiTolve  tht  YtmFFiugGo\d  'm  Aqua  Regis  by  which 
means  you  will  feparate  the  fmall  portion  of  Silver 
left  in  it  by  the  Aqua  Fortis.  The  contrary  is  to 
be  done  if  you  made  ufe  of  Aqua  Regis  firft. 


CHAP.  III. 

Of  Copper. 


PROCESS  I. 

Fo  feparate  Copper  from  its  Ore. 

BEAT  your  Copper  ore  to  a fine  powder,  hav- 
ing firft  freed  it  as  accurately  as  poflible,  by 
wafhing  and  roafting,  from  all  ftony,  earthy,  ful- 
phureous,  and  arfenical  parts.  Mix  your  ore  thus 
pulverized  with  thrice  its  weight  of  the  black  flux ; 
put  the  mixture  into  a crucible ; cover  it  with  com- 
mon fait  to  the  thick nefs  of  half  an  inch,  and  prefs 

the 
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. the  whole  down  with  your  finger.  With  all  this 
the  crucible  muft  be  but  half  full.  Set  it  in  a melt- 
ing  furnace  ; kindle  the  fire  by  degrees,  and  raife  it 
infenftbly  till  you  hear  the  Sea-falt  crackle.  When 
the  decrepitation  is  over,  make  the  crucible  mode- 
rately red-hot  for  half  a quarter  of  an  hour.  Then 
gi  ve  a confiderabie  degree  of  hear,  exciting  the  fire 
wjth  a pair -of  good  perpetual  bellows,  fo  that  the 
crucible  may  become  very  red-hot,  and  be  perfectly 
ignited.  Keep  the  fire  up  to  this  degree  for  about 
a quarter  of  an  hour;  then  take  out  the  crucible, 
and  with  a hammer  ftrike  a few  blows  on  the  floor 
whereon  you  fet  it. ' Break  it  when  cold.  If  the 
operation  hath  been  rightly  and  fuccefsfully  per- 
formed, you  will  find  at  the  bottom  of  the  veflel  a 
iiaid  Regylus,  of  a bright  yellow  colour,  and 
iembmalleable;  and  over  it  a fcoria  of  a yellowifh 
brown  colour,  hard  and  Aiming,  from  winch  you 
may  feparate  the  Regulus  with  a hammer. 

O B S E RV  AH  IQ  NS. 

Copper  in  the  ore  is  often  blended  with  feveral 
other  metallic  fubftances,  and  with  volatile  mine- 
rals, iucn  as  Sulphur  and  Arfenic.  Copper  ores 
alfo  frequently  participate  of  the  nature  of  the  py- 
rites, containing  a. martial  arid  anunmetallic  earth, 
both  of  which  are  entirely  refractory,  and  hinder 
the  ore  from  melting.  In  this  cafe  you  mull  add 
equal  parts  of  a very  fufile  glafs,  a little  borax, 
and  four  parts  of  the  black  flux,  to  facilitate  the 
fufion.  The  black  flux  is  moreover  neceflary  to 
furnifh  the  Copper  with  the  Phlogifton  it  wants, 
or  reftore  fo  much  thereof  as  it  may  lofe  in  melt- 
ing. bor  the  fame  reafon,  when  any  ore,  but 
that  of  Gold  or  Silver,  is  to  be  fmelted,  it  is  a 
general  rule  to  add  fome  black  flux,  or  other 
matter  abounding  with  Phlogifton. 
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The  Regains  produced  by  this  operation  is  not 
malleable,  hecaufe  it  is  not  pure  Copper,  but  amix- 
ture  of  Copper  with  all  the  other  metallic  fubilances 
that  were  in  the  ore ; except  Inch  as  were  feparated  , 
from  it  by  roafting,  of  which  it  contains  but  little. 

According  to  the  nature  of  the  metallic  matters 
that  remain  combined  with  the  Copper  after  this 
fufion,  the  colour  of  the  Regulus  is  either  like 
that  of  pure  Copper,  or  a little  more  whitilh  : it 
is  alfo  frequently  blackilh,  which  has  procured  it 
the  name  of  Black  Copper.  In  this  Hate,  and  even 
in  general,  it  is  ufual  enough  to  call  this  Regulus 
by  the  name  of  Black  Copper,  when  alloyed  with 
other  metallic  fubilances  that  render  it  unmallea- 
ble,  whatever  its  colour  be. 

Hence  it  appears  that  there  may  be  feveral  diffe- 
rent forts  of  Black  Copper.  Iron,  Lead,  Tin, 
Bilmuth,  and  thereguline  part  of  Antimony,  are 
almoll  always  combined  with  the  ores  of  Copper, 
in  a multitude  of  different  proportions ; and  all 
thefe  fubilances,  being  reduced  by  the  black  flux 
in  the  operation,  mix  and  precipitate  with  the 
Copper.  If  the  ore  contain  any  Gold  or  Silver, 
as  is  pretty  often  the  cafe,  thefe  two  metals  alfo 
are  confounded  with  the  reft  in  the  precipitation, 
and  become  part  of  the  Black  Copper. 

Pyritofe,  fulphureous,  and  arfeni.cal  Copper  ores 
may  be  fufed,  in  order  to  get  rid  of  the  grofter  he- 
terogeneous parts, wi  thou  tprevioufly roafting  them: 
but  in  this  caie  no  alkaline  flux  muft  be  mixed 
with  the  o!  e ; becaufe  the  Alkali  in  combination 
with  the  Sulphur  would  produce  a Liver  of  Sul- 
pntu,  and  fo  diifolve  the  metalline  part ; by  which’’ 
means  all  would  be  Confounded  together,  and  no 
Regulus,  or  very  little,  be  precipitated.  On  this 
occafion  therefore  nothing  muft  be  added  to  pro- 
mote the  fufion,  but  fome  tender  fufile  edafs,  to- 
gether with  a fmall  quantity  of  borax. 


This 
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This  firft  fufion  may  alfo  be  performed  amidff 
the  coals,  by  calling  the  ore  upon  them  in  the  fur- 
nace, withoutufing  a crucible;  and  then  an  earthen 
vend,  thoroughly  heated,  or  even  made  red-hot, 
mull  be  placed  under  the  grate  of  the  fire-place" 
to  receive  the  metal  as  it  runs  from  the  ore 

The  Regulus  obtained  by  this  means  is ’much 
more  impure  and  brittle  than  Black  Copper,  becaufe 
it  contains  moreover  a large  quantity  of  Sulphur 
and  Auenic  ; as  thefe  volatile  fubftances  have  not 
time  to  evaporate  during  the  fhort  fpace  requifite 
to  melt  the  ore,  and  as  they  cannot  be  carried  off 
by  the  adlion  of  the  fire  after  the  ore  is  once  melt- 
ed, whatever  time  be  allowed  for  that  purpofe. 
However,  fome  part  thereof  is  difiipated  3 and 
the  Iron  which  is  in  pyritofe  ores,  having  a much 
greater  affinity  than  Copper,  and  indeed'than  any 
other  metallic  fub  fiance,  with  Sulphur  and  Arfenic, 
abforbs  another  part  thereof,  and  feparates  it  from 
the  Regulus. 

This  Regulus,  it  is  plain,  fiill  contains  all  the 
fame  parts  that  were  in  the  ore,  but  in  different 
proportions  ; there  being  more  Copper,  combined 
with  lefs  Sulphur,  Arfenic,  and  unmetallic  earth, 
which havejbeen  either  diffipated  or  turned  to  flag. 
Therefore  if  you  would  make  it  like  Black  Copper, 
you  muft  pound  it,  roaft  it  over  and  over,  to  free 
it  from  its  Sulphur  and  Arfenic,  and  then  melt  it 
with  the  black  flux. 

If  this  Regulus  contain  much  Iron,  it  will  be 
advifeable  to  melt  it  once  or  twice  more,  before  all 
the  Sulphur  and  Arfenic  are  feparated  from  it  by 
roafting ; for  as  the  Iron,  by  uniting  with  thefe 
volatile  fubffances,  feparates  them  from  the  Cop- 
per, with  which  they  have  not  fo  great  an  affinity; 
fio  alfo  the  Sulphur  and  Arfenic,  by  uniting  with 
the  Iron,  help  in  their  turn  to  feparate  it  from  the 
Copper. 


PRO- 
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PROCESS  II. 

ft 0 purify  Black  Copper , and  render  it  malleable. 

BREAK  into  fmall  bits  the  Black  Copper  you 
intend  to  purify  j mix  therewith  a third  part 
in  weight  of  granulated  Lead,  and  put  the  whole 
into  a cupel  let  under  the  muffle  in  a cupelling  fur- 
nace, and  previoufly  heated  quite  red.  As  foon  as 
the  metals  are  in  the  cupel  raife  the  fire  con fidera- 
bly,  making  ufe,  if  it  be  needful,  of  a pair  of  per- 
petual bellows,  to  melt  the  Copper  fpeedily.  When 
it  is  thoroughly  melted,  lower  the  fire  a little,  and 
continue  it  jult  high  enough  to  keep  the  metalline 
mats  in  perfedt  fufion.  The  melted  matter  will 
then  boil,  and  throw  up  fome  fcori£ei  which  will 
be  abforbed  by  the  cupel. 

When  molt  of  the  Lead  is  confumed,  raife  the 
nre  again  till  the  face  of  the  Copper  become  brio-fit 
and  firming,  thereby  fhewing  that  all  its  alloy  is 
Separated.  As  foon  as  your  Copper  comes  to  this 
1 ate,  covei  it  with  charcoal  dufb  conveyed  into 
die  cupel  with  an  iron  ladle  : then  take  the  cupel 
' out  of  the  furnace  and  let  it  cool.  1 


OBSERVATIONS. 

Of  all  the  metals,  next  to  Gold  and  Silver,  Cop- 
F?£  hears  T10n  the  iongeft  without  iofing  its  phlo- 
gitfon;  and  oil  this  property  is  founded  the  procels 
here  delivered  for  purifyipu  it. 

It  is  neceflary  the  Copper°lhould  melt  as  foon  as 
i is  in  the  cupel,  becaufe  its  nature  is  to  calcine 
much  more  eafily  and  much  fooner,  when  it  is  onlv 
red-hot,  than  when  it  is  in  fufion.  For  this  reafon 
the  fire  is  to  be  confiderably  raifed,  immediately  on 
putting  the  Copper  under  the  muffle,  that  it  may  melt 

as 
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as  foon  as  poffible.  Yet  too  violent  a degree  of  fire 
mud  not  be  applied  to  it : for  when  it  is  expofed  to 
iuch  a degree  of  heat  only  as  is  but  juft  neceftary  to 
keep  it  in  fufion,  it  is  then  in  the  molt  favourable 
condition  for  lofing  as  little  as  may  be  of  its  phlo- 
gifton  ; and  if  the  heat  be  ftronger,  a greater  quan- 
tity thereof  will  be  calcined.  As  foon  therefore  as 
it  flows  it  is  proper  to  weaken  the  fire,  and  reduce  it 
to  the  degree  juft  requifite  to  keep  up  the  fufion. 

The  Lead  added  on  this  occafion  is  intended  to 
facilitate  and  expedite  the  fcorification  of  the  me- 
tallic fubftances  combined  with  the  Copper.  So 
that  the  event  is  here  nearly  the  fame  as  when 
Gold  or  Silver  is  refined  on  the  cupel.  The  only 
difference  between  this  refining  of  Copper,  and 
that  of  the  perfeft  metals,  is,  that  the  latter,  as 
hath  been  fhewn,  abfolutely  refill  the  force  of  fire 
and  the  adtion  of  Lead,  without  buffering  theleaft 
alteration;  whereas  a good  deal  of  Copper  is  cal- 
cined and  deftroyed,  when  it  is  purified  in  this 
manner  on  the  cupel.  Indeed  it  would  be  wholly 
deftroyed,  if  a greater  quantity  of  Lead  were 
added,  or  if  it  were  left  too  lopg  in  the  furnace. 
It  is  with  a view  to  fave  as  much  of  it  as  poffible 
that  we  order  it  to  be  covered  with  charcoal-dull 
as  foon  as  the  fcorification  is  finifhed. 

The  Lead  ferves  moreover  to  free  the  Copper  ex- 
peditioufly  from  the  Iron  with  which  it  may  be  al- 
loyed. Iron  and  Lead  are  incapable  of  contracting 
any  union  together  : fo  that  as  fall  as  the  Lead  unites 
with  the  Copper,  it  feparates  thelron,  and  excludes 
it  out  of  the  mixture.  For  the  fame  reafon  if  Iron 
were  combined  in  a large  proportion  with  Copper, 
it  would  prevent  the  Lead  from  entering  into  the 
compofition.  Now,  as  it  is  neceftary  to  give  the 
more  heat,  and  to  keep  the  Copper  to  be  incorpo- 
rated with  Lead  the  longer  in  fufion,  as  that  Cop- 
per is  alloyed  with  a greater  proportion  of  Iron, 

fome 
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Tome  black  flux  mult  be  added  on  this  occafion,  to 
prevent  the  Copper  and  the  Lead  from  being  cal- 
cined before  their  affociation  can  be  effected. 

Copper  purified  in  the  manner  here  directed  is 
beautiful  and  malleable.  It  is  now  alloyed  with 
no  other  metalline  fubdance  but  Gold  or  Silver, 
if  there  were  any  in  the  mixed  mafs.  If  you  defire 
-O  extract  this  Gold  or  Silver,  recourfe  muft  be 
had  to  the  operation  of  the  cupel.  The  procefs 
aere  given  for  purifying  Copper  is  not  ufed  in  large 
works,  becaufe  it  would  be  much  too  chargeable, 
in  order  to  purify  their  Black  Copper,  and  render 
t malleable,  the  fmelters  content  themfelves  with 
roading  it,  and  melting  it  repeatedly,  that  the 
metallic  iubdances,  which  are  not  fo  fixed  as 
topper,  may  be  dilfipated  by  fublimation,  and 
he  red  icorified  by  fufion. 


PROCESS  III. 


. a 0 deprive  Copper  of  its  Pblogifton  by  calcination. 

D U T your  Copper  in  filings  into  a ted,  and 
. fet  1C  linder  muffle  of  a cupelling  furnace  j 
ight  the  fire,  and  keep  up  fuch  a degree  of  heat 
s may  make  the  whole  quite  red,  but  not  enough 
o melt  the  Copper.  The  furface  of  the  Copper 
vill  gradually  lofe  its  metalline  fplepdour,  and 
>ut  on  the  appearance  of  a reddifh  earth.  From 
ime  to  time  dir  the  filings  with  a little  rod  of 
opper  or  iron,  and  leave  your  metal  expofed  to 
• he  iame  degree  of  fire  till  it  be  entirely  calcined. 

0 B S'  E R V A T I O NS. 


TN  n°"r  °bf£rva'lons  on  the  Preceding  proceft  we 
Dok  notice  that  Copper,  ,n  fufion,  calcines  more 
owly,  and  lefs  eafily,  than  when  it  is  expofed  to 
bare,ylufficicnt  to  keep  it  red-hot, 
a without 
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without  melting  it ; and  therefore,  thedefign  here 
being  to  calcine  it,  we  have  directed  that  degree 
of  heat  only  to  be  applied. 

The  cupelling  furnace  is  the  fitted  for  this  ope- 
ration, becaufe  the  muffle  is  capable  of  receiving 
fuch  a fiat  veflel  as  ought  to  be  ufed  on  this  occa- 
fion,  and  communicating  to  it  a great  deal  of 
heat;  while,  at  the  fame  time,  it  prevents  the 
falling  in  of  any  coals,  which,  by  furnilhing  the 
Copper  with  frelh  phlogifton,  would  greatly  pre- 
judice and  protraft  the  operation. 

As  Copper  calcines  with  great  difficulty,  this 
operation  is  extremely  tedious : nay,  though  Cop-  | 
per  hath  flood  thus  expofed  to  the  fire  for  feveral  i 
days  and  nights,  and  feems  perfe&ly  calcined,  yet  j 
it  frequently  happens  that,  when  you  try  after- ; 
wards  to  melt  it,  fome  of  it  refumes  the  form  or 
Copper  : a proof  that  all  the  Copper  had  not  lofh 
its  phlogifton.  Copper  is  much  more  cxpcdi-j 
tioufly  deprived  of  its  phlogifton  by  calcining  ic 
in  a crucible  with  Nitre. 

The  calx  of  Copper  perfectly  calcined  is  with 
great  difficulty  brought  to  fufion  : yet,  in  the  focus 
of  a large  burning-glafs,  it  melts  and  turns  to  a 
reddifh  and  almoft  opaque  glafs. 

By  the  procefs  here  delivered,  you  may  like-i 
wife  calcine  all  other  metalline  fubftances,  which 
do  not  melt  till  they  be  thoroughly  red-hot.  As 
to  thofe  which  melt  before  they  grow  red,  thelj 
are  eafily  enough  calcined,  even  while  they  aril 
in  fufion. 


PRO 
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PROCESS  IV* 

<To  refufcitate  the  Calx  of  Copper,  and  reduce  it  to 
Copper , by  reftoring  its  Phlogifton . 

MIX  the  Calx  of  Copper  with  thrice  as  much 
of  the  black  flux ; put  the  mixture  into  a 
: good  crucible,  fo  as  to  fill  two  thirds  thereof,  and 
over  it  put  a layer  of  Sea-falt  a finger  thick.  Cover 
;the  crucible,  and  fet  it  in  a melting  furnace  ; heat 
;it  gradually,  and  keep  it  moderately  red  till  the 
. decrepitation  of  the  Sea-falt  be  over.  Then  raife 
the  fiie  contaderably  by  means  of  a good  pair  of  per- 
r Pctual  bellows;  fatisfy  yourfelf  that  the  matter  is  in 
: perfect  fufion,  by  dipping  into  the  crucible  an  iron 
wire;  continue  the  fire  in  this  degree  for  half  a 
quarter  of  an  hour.  When  the  crucible  is  cold, 
you  will  find  at  its  bottom  a button  of  very  fine 

Xopper,  which  will  eafily  feparate  from  the  faline 
Ifcoria  at  top. 

0 B S E R V A T 1 O N S. 

What  hath  been  faid  before  on  the  fmelting  of 
Xopper  ores  may  be  applied  to  this  procefs,  as 
\ t>eing  the  very  fame.  The  obfervations  there  added 
Ihould  therefore  be  confulted  on  this  occafion. 


PROCESS  V. 

To  dijfolve  Copper  in  the  Mineral  Acids. 

ON  a fand-bath,  in  a very  gentle  heat,  fet  a 
matrafs  containing  fome Copper  filings;  pour 
-on  them  twice  their  weight  of  Oil  of  Vitriol.  That 
Acid  will  prefently  attack  the  Copper.  Vapours 
will  rife,  and  iflue  out  of  the  neck  of  the  matrafs, 
'A  valt  number  of  bubbles  will  afcend  from  the  fur- 
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face  of  the  metal  to  the  top  of  the  liquor,  and  the 
liquor  will  acquire  a beautiful  blue  colour.  When 
the  Copper  is  diffoived,  put  in  a little  and  a little 
more,  till  you  perceive  the  Acid  no  longer  a<5ts 
upon  it.  Then  decant  the  liquor,  and  let  it  (land 
quiet  in  a cool  place.  In  a fhort  time  great  num- 
bers of  beautiful  blue  cryftals  will  (hoot  in  it. 
Thefe  cryftals  are  called  Vitriol  of  Copper,  or  Blus 
Vitriol  They  diffolve  eafily  in  Water. 


OBSERVATIONS 


The  Vitriolic  Acid  perfectly  diflolves  Copper, 
which  is  alfo  foluble  in  all  the  Acids,  and  even  in 
many  other  menftruums. 

This  Acid  may  be  feparated  from  the  Copper 
which  it  hath  dilfolved  by  diftillation  only:  but  the 
operation  requires  a fire  of  the  utmoft  violence. 
The  Copper  remaining  after  it  mud  be  fuied  with 
the  black  flux,  to  make  it  appear  in  its  natural 
form ; not  only  becaufe  it  hill  retains  a portion  of 
the  Acid,,  but  alfo  becaufe  it  hath  loft  part  of  its 
phlogifton  by  being  diffoived  therein.  The  black 
flux  is  very  well  adapted  both  to  abforb  the  Acid 
that  remains  united  with  the  Copper,  and  to  reftore 


the  phlogifton  which  the  metal  hath  loft. 

The  moft  ufual  method  of  feparating  Copper 
from  the  Vitriolic  Acid  is  by  prefenting  to  that 
Acid  a metal  with  which  it  hath  a greater  affinity 
than  with  Copper..  Iron  being  fo  qualified  is-  con- 
sequently very  fit  to  bring  about  this  reparation. 
When  therefore  plates  of  Iron  well  cleaned  are  laid 
in  a Volution  of  Blue  Vitriol,  the  Acid  foon  begins 
to  aft  upon  them,  and  by  degrees,  as  it  diflolves. 
them,  depofites  an  their  furfaces  a quantity  of  Cop- 
per in  proportion  to  the  quantity  of  Iron  it  takes 
up.  The  Copper  thus  precipitated  hath  the  appear- 
ance of  l'mall  leaves  or  lcales,  exceeding  thin,  and! 
of  a beautiful  copper-colour.  Care  muft  be  takem 
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to  (hake  the  Iron-plates  now  and  then,  to  make  the 
fcales  of Copper  fall  off,  which  will  otherwife  cover 
them  entirely,  hinder  the  Vitriolic  Acid  from  at- 
tacking the  Iron,  and  fo  put  a flop  to  the  precipi-, 
cation  of  the  remaining  Copper. 

When  thele  fcales  of  Copper  ceafe  to  fettle  on 
the  clean  Iron-plates,  you  may  be  fure  all  the  Cop- 
per that  was  in  the  liquor  is  precipitated,  and  that 
:his  liquor,  which  was  a folution  of  Copper  before 
:he  precipitation,  is  a folution  of  Iron  after  it.  So 
•hat  here  two  operations  are  performed  at  one  and 
die  lame  times  to  wit,  the  precipitation  of  the 
Copper,  and  the  diffolution  of  the  Iron. 

The  Copper  thus  precipitated  requires  only  to  be 
feparated  from  the  liquor  by  filtration,  and  melted 
with  a little  black  flux,  to  become  very  fine  mal- 
eable  Copper. 

The  Copper  may  alfo  be  precipitated  out  of  a 
olution  of  Blue  Vitriol  by  the  interpofition  of  a 
dxed  Alkali.  This  precipitate  is  of  a greenifh 
due  colour,  and  requires  a much  greater  quan- 
:ity  of  the  black  flux  to  reduce  it. 

Copper  diflolves  in  the  Nitrous  Acid,  in  the 
Vlarine  Acid,  and  in  slqua  Regis ; from  all  of 
vhich  it  may  be  feparated  by  the  fame  methods 

is  are  here  ordered  with  regard  to  the  Vitriolic 
Acid. 
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CHAP.  IV. 

Of  Iron. 


PROCESS  I. 

To  feparate  Iron  from  its  Ore . 

POUND  into  a coarfe  powder  the  martial 
ilones  or  earths  out  of  which  you  defign  to 
extradt  the  Iron  : roaft  this  powder  in  a teft  under 
the  muffle  for  fome  minutes,  and  let  your  fire  be 
biifk.  Then  let  it  cool,  beat  it  very  fine,  and 
roaft  it  a fiecond  time,  keeping  it  under  the  muffle 
till  it  emit  no  more  fmell. 

i hen  mix  with  this  powder  a flux  compofed  ofi 
three  parts  of  Nitre  fixed  with  Tartar,  one  pare 
of  firfile  glafs,  and  half  a part  of  Borax  and  char-* 
coal-duft.  The  dofe  of  this  reducing  flux  muffc 
be  thrice  the  weight  of  the  ore. 

Put  this  mixture  into  a good  crucible ; cover  it; 
with  about  half  a finger  thick  of  Sea-ialt ; over  the; 
crucible  put  its  cover,  and  lute  it  on  with  Windfor- 
loam  made  into  apaftewith  water.  Having  thusj 
prepared  your  crucible,  fet  it  in  a melting  furnace* 
which  you  muff  fill  up  with  charcoal.  Light  thej 
fire,  and  let  it  kindle  by  gentle  degrees,  till  the! 
crucible  become  red-hot.  When  the  decrepitation! 
of  the  Sea-falt  is  over,  raife  your  fire  to  the  hightjflj 
by  the  blaft  of  a pair  of  perpetual  bellows,  or  ratheil 
feveral.  Keep  up  this  intenfe  degree  of  heat  forj 
three  quarters  of  an  hour*  or  an  whole  hour* 
taking  care  that  during  all  this  time  the  furnace  bef 

kept!' 
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kept  conftantly  filling  up  with  frefli  coals  as  the 
former  confume.  • Then  take  your  crucible  out 
of  the  furnace ; ftrike  the  pavement  on  which  you 
fet  it  feveral  times  with  a hammer,  and  let  it  (land 
10  cool : break  it,  and  you  will  find  therein  a 
Regulus  of  Iron  covered  with  flag, 

OBSERVATIONS. 

Iron  ore,  like  all  others,  requires  roafting,  to 
feparate  from  it,  as  much  as  pofUble,  the  volatile 
minerals,  Sulphur  and  Arfenic,  which  being  mixed 
with  the  Iron  would  render  it  unmalleable.  Indeed 
it  is  fo  much  the  more  neceffary  to  roafl  thefe  ores, 
as  Iron  is,  of  all  metallic  fubftances,  that  which 
has  the  greateft  affinity  with  thofe  volatile  minerals; 
on  which  account  no  metallic  fubftance  whatever 
is  capable  of  feparating  it  from  them  by  fufion 
and  precipitation. 

Fixed  Alkalis,  it  is  true,  have  a greater  affinity 
than  Iron  with  Sulphur ; but  then  the  compofition 
which  aFixed  Alkali  forms  with  Sulphur  is  capable 
of  diffiolving  all  metals.  Confequently,  if  you  do 
not  diffipate  the  Sulphur  by  roafting,  but  attempt 
to  feparate  it  from  the  Iron  by  melting  the  ore  with 
a Fixed  Alkali,  the  Liver  of  Sulphur  formed  in  the 
operation  will  diflolve  the  martial  part ; fo  that 
after  the  fufion  you  will  find  little  or  no  Regulus. 

All  Iron  ores  in  general  are  refradory,  and  lefs 
fufible  than  any  other;  for  which  reafon  a much 
greater  proportion  of  flux,  and  a much  more  vio- 
lent degree  of  fire,  is  required  to  fmelr  them. 
One  principal  caufe  why  thefe  ores  are  fo  refradory 
is  the  property  which  Iron  itfelf  has  of  being  ex- 
tremely difficult  to  fufe,  and  of  refilling  the  adion 
of  the  fire  fo  much  the  more  as  it  is  purer,  and 
further  removed  from  its  mineral  date.  Amoncr 
all  the  metallic  fubftances  it  is  the  only  one  tha't 
is  lefs  fufible  when  combined  with  that  portion  of 

A a 4 phlo- 
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phlogifton  which  gives  it  the  metalline  form,  than 
when  it  is  deprived  thereof,  and  in  the  form  of  a 

In  fmel ting-hoi] fes  Iron  ore  is  fufed  amidft  char- 
coal^ the  ph  ogifton  of  which  combines  with  the 
martial  earth,  and  gives  it  the  metalline  form. 
1 he  Iron  thus  melted  runs  down  to  the  bottom  of 
the  furnace,  from  whence  it  is  let  out  into  lar^e 
moulds,  in  which  it  takes  the  ffiape  of  oblong 
blocks,  caked  Pigs  of  Iron.  This  Iron  is  ftill  very 
impure,  and  quite  unmalleable.  Its  want  of  duCli- 
Jity  after  the  fir'll  melting  arifes  partly  from  hence 
taat,  notwithffanding  the  previous  roafting  which 
the  ore  underwent,  there  Hill  remains,  after  this 
hrit  rulion,  a confiderable  quantity  of  Sulphur  or 
Arlenic  combined  with  the  metal. 

A certain  quantity  of  quick-lime,  or  of  ftones 
that  will  burn  to  lime,  is  frequently  mixed  with 
Iron  ore  on  putting  it  into  the  fmelting  furnace. 

I he  lime  being  an  abforbent  earth  very  apt  to 
unite  with  Sulphur  and  Arfenic,  is  of  ufe  to  fe- 
parate  thofe  minerals  from, the  Iron. 

It  is  alio  of  ufe  to  mix  lome  fuch  matters  with 
the  oi  e,  wnen  the  ftones  or  earths  which  naturally 
accompany  it  are  very  fulible ; for,  as  the  Iron  is 
of  difficult  fufion,  it  may  happen  that  the  earthy 
matters  mixed  with  the  iron  ffiail  melt  as  ealily  as 
the  metal,  or  perhaps  more  eafily.  In  fuch  a cafe 
there  is  no  feparation  of  the  earthy  from  the  metal- 
line part,  both  of  which  melt  and  precipitate  to^e- 
thei  piomdcuoufly  : now  quick-lime,  being  ex- 
tremely refractory,  ferves  on  this  occafion  to  check 
the  melting  of  thofe  matters  which  are  too  fulible. 

Yet  quick-lime,  notwithstanding  its  refraCtory 
quality,  may  fometimes  be  of  ufe  as  a flux  for  Iron. 
This  isthecafe  when  theore happensto  be  combined 
with  lubftances  which,  being  united  with  lime,  ren- 
der it  fufible : fuch  are  all  arfenical  matters,  and  even 
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fome  earthy  matters,  which  being  combined  with 
quick-lime  make  a fufible  compound. 

When  the  ore  of  an  Iron  Mine  is  found  difficult 
to  reduce,  it  is  ufually  negleded  even  though  it  be 
rich  ; becaufe  Iron  being  very  common,  people 
chufe  to  work  thofe  mines  only  whole  ores  are  ‘ 
fmel ted  with  the  moft  eafe,  and  require  the  lead; 
confumption  of  wood. 

Yet  refradory  ores  are  not  to  be  altogether  re- 
jected, when  another  Iron  ore  of  a different  quality 
is  found  near  them.  For  it  often  happens  that  two 
ieveral  Iron  ores,  which  being  worked  feparately 
are  very  difficult  to  manage,  and  yield  at  laft  but 
bad  metal,  become  very  tractable,  and  yield  ex- 
cellent Iron,  when  fmelted  together:  and  accord- 
ingly fuch  mixtures  are  often  made  at  Iron-works. 

The  Iron  obtained  from  ores  by  the  firft  fufion 
may  be  divided  into  two  forts.  The  one,  when 
cold,  refills  the  hammer,  doth  not  eafily  break, 
and  is  in  fome  meafure  extenfible  on  the  anvil  ■ but 
if  ftruck  with  a hammer  when  red  hot  flies' into 
many  pieces : this  fort  of  Iron  hath  always  a mix- 
ture of  Sulphur  in  it.  The  other  fort  on  the  con- 
trary, is  brittle  when  cold,  but  fomewhat  dudile 
when  red-hot.  This  Iron  is  nor.  fulphurated,  is  na- 
turally of  a good  quality,  and  its  britrlenefs  arifes 
from  its  metalline  parts  not  being  fufficientlv  com- 
pacted together.  . • 

Iron  abounds  fo  rnuch,  and  is  lb  univerfally  dif- 
fufcd  through  the  earth,  that  it  is  difficult  to  find 
a body  in  which  there  is  none  at  all  : and  this  hath 
ltd  fcveral  Chymifts,  even  men  of  great  fame 
into  the  errorof  thinking  that  they  ],ad  tranfmuted 
into  Iron  evera)  fons.of  earths  in  which  they  fuf- 
peded  no  Iron,  by  combining  them  with  an  inflam- 
mable matter;  whereas,  in  faft,  all  they  did  was  to 
give  themetailineform  to  a true  martial  earth  which 
happened  to  be  mixed  with  other  earths. 


PRO- 
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PROCESS  II. 

d 0 render  Tig-iron  and  brittle  Iron  malleable. 

IN  T O an  earthen  veffel  widening  upwards  put 
fome  charcoal-duft,  and  thereon  lay  the  Pig- 
iron  which  you  propofe  to  render  du&ile;  cover  it 
all  over  with  a quantity  of  charcoal;  excite  the  fire 
violently  with  a pair,  or  more,  of  perpetual  bellows 
till  the  Iron  melt.  If  it  do  not  readily  flow  and 
form  a great  deal  of  flag  on  its  furface,  add  fome 
flux,  fuch  as  a very  fufible  fand. 

When  the  matter  is  in  fufionkeep  ftirring  it  from 
time  to  time,  that  all  the  parts  thereof  may  be 
equally  adled  on  by  the  air  and  the  fire.  On  the 
furface  of  the  melted  Iron  Jcori <£  will  be  formed, 
which  muft  be  taken  off  as  they  appear.  At  the 
fame  time  you  will  fee  a great  many  fparldes  darted 
up  from  the  furface  of  the  metal,  which  will  form 
a fort  of  fiery  flhower.  By  degrees,  as  the  Iron 
grows  purer,  the  number  of  thefe  fparldes  dimi- 
nifhes,  though  they  never  vanifh  entirely.  When 
but  few  fparkles  appear,  remove  the  coals  which 
cover  the  Iron,  and  let  the  flag  run  out  of  the  vef- 
fel;  whereupon  the  metal  will  grow  folid  in  a mo- 
ment. Take  it  out  while  it  is  ftill  red-hot,  and 
give  it  a few  firokes  with  a hammer,  to  try  if  it  be 
dudtile.  If  it  be  not  yet  malleable,  repeat  the  ope- 
ration afecond  time,  in  the  fame  manner  as  before. 
Laftly,  when  it  is  thus  fufficiently  purified  by  the  fire, 
work  it  for  a long  time  on  the  anvil,  extending  it 
different  ways,  and  making  it  red-hot  as  often  as 
there  is  occafion.  Iron  thus  brought  to  the  necel- 
fary  degree  of  ductility,  fo  as  to  yield  to  the  ham- 
mer, and  fuffer  itfelf  to  be  extended  every  way, 
either  hot  or  cold,  without  breaking  to  bits,  or 
even  cracking  in  the  leafi,  is  very  good  and  very 
' . ' pure. 
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pure.  If  it  cannot  be  brought  to  this  degree  by 
the  method  here  prefcribed,  it  is  a proof  that  the 
ore  from  which  this  Iron  was  extraded  ought  to 
be  mixed  with  other  ores;  but  it  frequently  re- 
quires a great  number  of  trials  to  obtain  an  exact 
knowledge  of  the  quality  and  proportion  of  thofe 
other  ores  with  which  it  is  to  be  mixed. 

OBSERVATIONS . 

The  brittlenefs  and  Ihortnefs  of  Pig-iron  arifes 
from  the  heterogeneous  parts  which  it  contains,  and 
which  could  not  be  feparated  from  it  by  the  firft 
fufion.  Thefe  extraneous  matters  are  ufually  Sul- 
phur, Arfenic,  and  unmetallic  earth,  and  alfo  a 
ferruginous  earth  ; but  fuch  as  could  not  be  com- 
bined with  the  phlogifton  as  it  ought  to  be,  in  or- 
der to  have  the  properties  of  a metal,  and  mull 
therefore  be  considered  as  heterogeneous,  with  re- 
Sped  to  the  other  well-conditioned  martial  particles. 

The  Pig-iron,  by  undergoing  repeated  fufions,  is 
freed  from  thefe  heterogeneous  matters ; thofe 
which  are  volatile,  fuch  as  Sulphur  and  Arfenic, 
being  diffipated,  and  the  unmetallic  matters  beincr 
Scorified.  As  to  the  ferruginous  earth,  which  did 
not  at  firft  acquire  the  metalline  form,  it  becomes 
true  Iron  at  laft;  becaufe,  among  the  coals  with 
which  it  is  encompaifed,  it  meets  with  a Sufficient 
quantity  of  phlogifton  to  reduce  it  to  metal. 
Charcoal  is  alfo  necefiary  on  this  occafion,  that  it 
may  continually  furniifi  phlogifton  to  the  Iron, 
which  would  otherways  be  converted  into  a calx. 

Hammering  the  red-hot  Iron,  after  each  fufion 
Serves  to  force  out  from  amongft  the  martial  parts’ 
fuch  earthy  matters  as  may  happen  to  remain  there 
and  So  to  bring  into  clofer  contad  the  metalline 
parts  which  were  feparated  before  by  the  interpo- 
lation ol  thofe  heterogeneous  matters. 


PRO-, 
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PROCESS  III. 

To  convert  Iron  into  Steel. 

• t 

TAKE  fmall  bars  of  the  beft  Iron  ; that  is, 
of  fuch  as  is  malleable,  both  hot  and  cold  ; 
fet  them  on  their  ends  in  a cylindrical  earthen  vef- 
fel,  whofe  depth  is  equal  to  the  length  of  the  bars, 
and  in  luch  a manner  that  they  may  be  an  inch  dis- 
tant from  each  other,  and  from  the  fides  of  the  cru- 
cible. Fill  the  veffel  with  a cement  compounded 
of  two  parts  of  charcoal,  one  part  of  bones  burnt 
in  a clofe  veffel  till  they  become  very  black,  and 
one  half  part  of  the  afhes  of  green  wood  ; having 
fir ft  pulverifed  and  thoroughly  mixed  the  whole 
together.  Take  care  to  lift  up  the  Iron  bars  a lit- 
tle, to  the  end  that  the  cement  may  cover  the  bot- 
tom of  the  veffel,  and  fo  that  there  be  about  the 
depth  of  half  an  inch  thereof  under  every  bar : co- 
ver the  crucible  and  lute  on  the  cover. 

Set  the  crucible  thus  prepared  in  a furnace,  fo 
contrived  that  the  crucible  may  be  furrounded  with 
coals  from  top  to  bottom  : for  eight  or  ten  hours 
keep  up  fuch  a degree  of  fire  that  the  veffel  may  be 
moderately  red ; after  this  take  it  out  of  die  fur- 
nace; plunge  your  little  Iron  bars  into  cold  water, 
and  you  will  find  them  converted  into  Steel. 

OBSERVATION  S, 

The  principal  difference  between  Iron  and  Steel 
confifts  in  this,  that  the  latter  is  combined  with  a 
greater  quantity  of  phlogifton  than  the  former. 

It  appears  by  this  experiment  that,  to  make 
Iron  unite  with  an  inflammable  matter,  it  is  not  ne- 

ceffary 
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ceffary  it  fhould  be  in  fulion  ; it  is  fufficient  that 
it  be  lb  red-hot  as  to  be  opened  and  foftened  by 
the  lire. 

Every  kind  of  charcoal  is  fit  to  be  an  ingredient 
in  the  composition  of  the  cement  employed  to  make 
Steel,  provided  it  contain  no  vitriolic  Acid.  How- 
ever, it  hath  been  obferved  that  animal  coals  pro- 
duce a fpeedier  effect  than  others  : for  which  rea- 
fon  it  is  proper  to  mix  fomething  of  that  kind 
with  charcoal-duft,  as  above  directed. 

The  following  figns  fhew  that  the  operation 
hath  fucceeded,  and  that  the  Iron  is  changed  into 
good  Steel. 

This  metal  being  quenched  in  cold  water,  as  pro- 
pofed  above,  acquires  fuch  an  extraordinary  degree 
of  hardnefs,  that  it  will  by  no  means  yield  to°any 
impreffion  of  the  file  or  hammer,  and  will  fooner 
break  in  pieces  than  ftretch  upon  the  anvil.  And 
here  it  is  proper  to  obferve,  that  the  hardnefs  of 
Steel  varies  with  the  manner  inwhich  it  isquenched. 
The  general  rule  is,  that  the  hotter  the  Steel  is 
when  quenched,  and  the  colder  the  water  is  in 
which  you  quench  it,  the  harder  it  becomes.  It 
may  be  deprived  of  the  temper  thus  acquired,  by- 
making  it  red-hot,  and  letting  it  cool  (lowly;  for 
it  is  thereby  foftened,  rendered  malleable,  and  the 
file  will  bite  upon  it.  . For  this  reafon  the  artifans 
who  work  in  Steel  begin  with  untempering  it,  that 
they  may  with  more  cafe  fhape  it  into  "the  tool 
they  intend  to  make.  They  afterwards  new-tem- 
per  the  tool  when  finifhed,  and  by  this  fecond 
tempei  the  Steel  recovers  the  fame  degree  of  hard- 
nefs it  had  acquired  by  the  fir  ft  temper. 

I he  colour  of  Steel  is  not  1 o white  as  that  of 
Iron,  but  darker,  and  the  grains,  facets,  or  fibrec 

which  appear  on  brcakingdt,  are  finer  than  thole 
obferved  in  Iron. 
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If  the  bars  of  Iron  thus  cemented  in  order  to 
convert  them  into  Steel  be  too  thick,  or  not  kept 
long  enough  in  cementation,  they  will  not  be  turned 
into  Steel  throughout  their  whole  thicknefs  : their 
furfaces  only  wiil  be  Steel  to  a certain  depth,  and 
the  center  will  be  mere  iron  ; becaufe  the  Phlo- 
gifton will  not  have  thoroughly  penetrated  them. 
On  breaking  a bar  of  this  fort,  the  difference  in  co- 
lour and  grain  between  the  Steel  and  the  Iron  is 
very  vifible. 

It  is  ealy  to  deprive  Steel  of  the  fuperabundant 
quantity  of  Phlogifton  which  conftitutes  it  Steel,  and 
thereby  reduce  it  to  Iron.  For  this  purpofe  it  need 
only  be  kept  red-hot  fome  time,  oblerving  that  no 
matter  approach  it  all  the  while  that  is  capable  of 
refunding  to  it  the  Phlogifton  which  the  fire  carries 
off.  The  fame  end  is  ftill  fooner  obtained  by  ce- 
menting it  with  meagre  hungry  matters,  capable  of 
abforbing  the  Phlogifton  ; fuch  as  bones  calcined 
to  whitenefs,  and  cretaceous  earths. 

Steel  may  alfo  be  made  by  fufion  ; or  Pig-iron 
may  be  converted  into  Steel.  For  this  purpofe  the 
lame  method  muftbeemployedaswasabovedire<fted 
for  reducing  Pig-iron  intomalleablelron;  with  this 
difference,  that,  as  Steel  requires  more  Phlogifton 
than  is  neceftary  to  Iron,  all  the  means  muft  be  made 
ufe  of  that  are  capable  of  introducing  intothelrona 
great  deal  of  Phlogifton  ; fuch  as  melting  but  a lmall 
quantity  oflronat  atime,  and  keeping  it  conftantly 
encompaffed  withabundanceof charcoal;  re-iterat- 
ing the  fufions ; taking  care  that  the  blaft  of  the 
bellows  diredted  along  the  furface  of  the  metal  do 
not  remove  the  coals  that  cover  it,  &c.  And  here 
it  muft  be  obferved,  that  there  are  fome  forts  of 
Pig-iron  which  it  is  very  difficult  to  convert  into 
Steel  by  this  method,  and  that  there  are  others 
which  fucceed  very  readily,  and  with  fcarce  any 
trouble  at  all.  The  ores  which  yield  the  laft  men- 
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tioned  fort  of  Pig-iron  are  called  Steel  Ores.  Steel 
made  by  this  means  muft  be  tempered  in  the  fame 
manner  as  that  made  by  cementation  *. 


PROCESS  IV. 

The  Calcination  of  Iron.  Sundry  Saffrons  of  Mars . 

TAKE  filings  of  Iron,  in  what  quantity  you 
pleafej  put  them  into  a broad  unglazed 
earthen  veflel ; fet  it  under  the  muffle  of  a cupell- 
ing furnace  ; make  it  red  hot ; ftir  the  filings  fre- 
quently ; and  keep  up  the  fame  degree  of  fire  till 
the  Iron  be  wholly  turned  into  a red  powder. 

'OBSERVATIONS. 

Iron  eafily  Iofes  its  phlogifton  by  the  a&ion  of 
.fire.  The  calx  that  remains  after  its  calcination  is 
exceeding  red ; which  makes  this  be  thought  the 
natural  colour  of  the  earth  of  that  metal.  It  hath 
accordingly  been  obferved  that  all  the  earths  and 
Itones,  which  either  are  naturally  red,  or  acquire 
that  colour  by  calcination,  are  ferruginous. 

The  yellowilh  red  colour  which  every  calx  of 
Iron  hath,  in  whatever  manner  it  be  prepared,  hath 
procured  the  name  of  Crocus  or  Saffron  to  every 
preparation  of  this  kind.  That  made  in  the  man- 
ner above  dire&ed  is  called  in  Medicine  Crocus 
Alar t is  ajlnngens. 

The  ruft  produced  on  the  furface  of  Iron  is  a 
fort  of  calx  of  Iron  made  by  the  way  of  difiblution. 


Mr.  Reaumur  hath  obliged  the  publick  with  a treatife  on 
the  means  of  convening  iron  into  Steel,  in  which  he  hath  ex- 
haufted  the  fubjeft.  Such  as  defire  the  ampleft  and  molt  ufeful 

fult  il^Work"  Pan  metallurSy'  do  well  to  con- 
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The  moifture  of  the  air  a6ts  upon  the  metal,  dif- 
folvesit,  and  robs  itof  fome  of  its  Phlogifton.  This 
ruft  is  called  in  Medicine  Crocus  Martis  Aperiens ; 
becaufe  it  is  thought  that  the  faline  parts,  by  means 
whereof  the  humidity  diffolves  the  Iron,  remain 
united  with  the  metal  after  its  diffolution,  and  give 
it  an  aperitive  virtue.  The  Apothecaries  prepare 
this  fort  of  Saffron  of  Mars  by  expofing  Iron  filings 
to  the  dew,  till  they  be  turned  entirely  to  ruft ; 
which  is  then  called  Saffron  of  Mars  by  dew. 

Another  Saffron  of  Mars  is  alfo  prepared  in  a 
much  fhorter  manner,  by  mixing  filings  of  Iron 
with  pulverized  Sulphur,  and  moiftening  the  mix- 
ture, which  after  fome  time  ferments  and  grows 
hot.  It  is  then  fet  on  the  fire ; the  Sulphur  burns 
away,  and  the  mafs  is  kept  ftirring  till  it  become  a 
red  matter.  This  Saffron  is  nothing  but  Iron  dif- 
folved  by  the  Acid  of  Sulphur,  which  is  known  to 
be  of  the  fame  nature  with  that  of  Vitriol;  and 
confequently  this  Saffron  of  Mars  is  noway  diffe- 
rent from  Vitriol  calcined  to  reanefs. 


PROCESS  V. 

Iron  dffolved  by  the  mineral  Acids. 

PUT  any  mineral  Acid  whatever  into  amatrafs 
with  fome  water;  fet  the  matrafs  on  a fand- 
bath  gently  heated ; drop  intq  theveffel  fome  filings 
of  Iron  : the  phenomena  which  ufually  accompany 
metalline  diffolutions  will  immediately  appear. 
Add  more  filings,  till  you  oblerve  the  Acid  hath 
loft  all  fenfible  adion  upon  them  : then  remove 
your  matrafs  from  the  fand-bath  ; you  will -find  in 
it  a folution  of  Iron. 
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Iron  is  very  eafily  diffolved  by  all  the  Acids.  If 
vou  make  life  of  the  Vitriolic  Acid,  care  moil  be 
.:aken  to  weaken  it  with  water,  in  cafe  it  be  concen- 
trated ; becaufe  the  diffolution  will  fucceed  the  bet- 
ter. The  vapours  that  rife  on  this  occafion  are  in- 
flammable ; and  if  a lighted  paper  be  held  to  the 
mouth  of  the  matrafs,  efpecially  after  keeping  it 
topt  for  fome  time  and  fhaking  the  whole  gently, 
he  fulphureous  vapours  take  fire  with  fuch  rapidity 
is  to  produce  a confiderable  explofion  ; which  is 
ometimes  ftrong  enough  to  burft  the  veffel  into  a 
houiand  pieces.  This  folution  hath  a green  colour, 
ind  is  in  fad  a fluid  Green  Vitriol,  which  wants 
lothing  but  reft  to  make  it  fhoot  into  cryftals. 

If  you  make  ufe  of  the  Nitrous  Acid,  you  muft 
eafe  adding  more  filings  when  the  liquor,  after 
landing  ftill  forne  moments,  becomes  turbid  ; for, 
/hen  this  Acid  is  impregnated  with  iron  to  a cer- 
ain  degree,  it  lets  fall  fome  of  that  which  it  had 
ifloived,  and  becomes  capable  of  taking  up  frefh 
lings.  Thus  by  conftantly  adding  new  fupplies  of 
*on,  this  Acid  may  be  made  to  diflolve  a much 
reater  quantity  thereof  than  is  neceffary  to  faturate 
: entirely.  This  folution  is  of  a ruffet  colour,  and 
oth  not  cryflallize. 

If  the  weather  be  not  extremely  cold,  and  the 
,cids  have  a proper  degree  of  ftrength,  the  fand- 
ath  is  unneceffary,  as  the  diflolution  will  fucceed 
-ry  well  without  it. 

Iron 1 diffolved  by  Acids  may  be  feparated  there- 
om,  like  all  other  metallic  fubftances  in  the  fame 
- rcumftances,  either  by  the  adion  offire,  which  ear- 
ths off  the  Acid  and  leaves  the  Martial  earth,  or  bv 
re  interpofmon  of  fubftances  which  have  a o-reatci 
hmty  than  metallic  fubftances  have  with  Acids - 

at  is,  by  Abforbent  Earths  and  Alkaline  Salts.  By 
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whatever  means  you  feparate  Iron  from  an  Acid  fol- 
vent,  itconftantly  appears,  after  the  feparation,  in 
the  form  of  a yellowifh  red  powder;  becaufe  it  is 
then  deprived  of  moft  of  the  phlogifton  to  which  it 
owed  its  metalline  form:  whence  it  is  reafonable  to 
think  that  thisis  the  proper  colour  of  Martial  Earth. 

All.  the fe  precipitates  of  Iron  are  true  Saffrons  of 
Mars,  which,  as  well  as  thofe  prepared  by  calcina- 
tion, are  fo  much  the  further  removed  from  the 
nature  of  a metal,  the  more  they  are  deprived  of 
their  phlogifton.  Thence  it  comes  that  they  are 
mpre  or  lefs  foluble  by  Acids,  and  more  or  lefs  at- 
tradled  by  the  magnet : as  no  ferruginous  earth,  per- 
fedlly  deprived  of  all  inflammable  matter,  is  at  all 
atttraded  by  the  magnet,  or  foluble  by  Acids. 


C El  A P.  V. 
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PROCESS  I. 

T o ext  raft  ftftn  from  its  Ore . 

L * . ; 

BREAK  your  Tin  ore  into  a coarfe  powder, 
and  by  wafhing  carefully  feparate  from  it  all 
the  heterogeneous  matters,  and  ores  of  a different 
kind,  that  may  be  mixed  therewith.  Then  dry  it, 
and  roaft  it  in  a ftrong  degree  of  fire,  till  no  more 
Arfenical  vapour  rife  from  it.  When  the  ore  is 
roafted,  reduce  it  to  a fine  powder,  and  mix  it  tho- 
roughly with  twice  its  weight  of  the  black  flux  well 
dried, afourthpart  of  its  weight  of  clean  ironfilings, 
together  with  as  much  borax  and  pitch-:  put  the 
mixture  into  a crucible  5 overall  put  Sea-falt  to  the 

thick- 
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thicknefs  of  four  fingers,  and  cover  the  crudblc 
clofc. 

Set  the  crucible  thus  prepared  in  a melting  fur- 
nace : apply  at  firft  a moderate  and  flow  degree  of 
fire,  till  the  flame  of  the  pitch,  which  will  efcape 
through  the  joint  of  the  cover,  difappear  entirely. 
Then  fuddenly  raile  your  fire,  and  urge  it  with  ra- 
pidity to  the  degree  necefTary  for  melting  the  whole 
mixture.  As  foon  as  the  whole  is  in  fufion  take 
the  crucible  out  of  the  furnace,  and  feparate  the 
Regulus  from  the  fcoria. 


OBSERVATIONS . 

All  Tin  ores  contain  a confiderable  quantity  of 
■ Arienic,  and  no  Sulphur  at  all,  or  at  mod  very 
uctle.  Hence  it  comes  that,  though  Tin  be  the 
lighted:  of  all  metals,  its  ore  is  neverthelefs  much 
heavier  than  any  other;  Arfenicbeingmuch  heavier 
than  Sulphur,  of  which  the  ores  of  every  other  kind 
always  contain  a pretty  large  proportion.  This 
ore  is  moreover  very  hard,  and  is  not  brought  to  a 
fine  powder  with  fo  much  eafe  as  the  reft. 

Thefe  properties  of  Tin  ore  furnifh  us  With  the 
means  or  feparating  it  eafily  by  lotion,  not  only 
from  earthy  and  ftony  parts,  buteven  fromtheother 
ores  which  may  be  mixed  with  it.  And  this  is  of 
the  greater  advantage  on  two  accounts,  viz.  becaufe 
i in  cannot  endure,  without  the  deftru&ion  of  a 
great  part  thereof,  the  degree  of  fire  necefTary  to 
fcorify  the  refra&ory  matter  which  accompany  its 
1 ore,;  Tan(i  aSain  becaufe  this  metal  unites  fo  eafily 
with  Iron  and  Copper,  the  ores  of  which  are  pretty 
commonly  blended  with  Tin  ore,  that,  after  the 
'reduction,  it  would  be  found  adulterated  with  a 
'mixture  of  thefe  two  metals,  if  they  were  not 
Separated  from  it  before  the  fufioh. 

But  fometimes  the  Ironore  confoundedwith  that 
'ol  1 ln  1S  very  heavy,  and  is  not  eafily  pulverized ; 

B t>  a whence 
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whence  it  comes  to  pafs  that  it  cannot  be  feparated 
therefrom  by  walking  only.  In  that  cafe  the  mag- 
net mull  be  employed  to  feparate  it,  after  the  ore 
hath  been  roafted. 

Roafting  is  moreover  neceftary  for  Tin  ore,  in 
order  to  diffipate  the  Arfenic  which  volatilizes,  cal- 
cines, ordeftroys  one  part  of  the  Tin,  and  reduces 
the  reft  to  a Ihort  brittle  fubftance,  like  a Semi- 
metal.  The  ore  is. known  to  be  fufficiently  roafted 
when  no  more  fumes  rife  from  it  j when  it  has  loft 
the  fin  ell  of  garlic  ; and  when  it  does  not  whiten,  a 
clean -plate  of  Iron  held  over  it. 

Tin  being  one  of  thofe  metals  which  are  moft 
eafily  calcined,  it  is  neceftary  in  reducing  its  ore  to 
employ  fuch  matters  as  may  furnifh  it  with  phlo- 
gifton.  In  order  to  defend  it  from  the  con  tad  of 
the  air,  which  always  accelerates  the  calcination  of 
metallic  fubftances,  the  mixture  is  to  be  covered 
with  Sea-falt ; and  the  addition  of  pitch  helps  to 
increafe  the  quantity  of  phlogiftom 


PROCESS  II. 

The  Calcination  of  Tin. 

INTO  an  unglazed  earthen  difh  put  the  quan- 
tity of  Tin  you  intend  to  calcine  ; melt  it,  and 
keep  ftirring  it  from  time  to  time.  Its  furface  will 
be  covered  with  a greyin'!  white  powder:  continue 
the  calcination  till  all  your  Tin  be  converted  into 
fuch  a powder,  which  is  the  Calx  of  Tin. 

OBSERVATIONS. 

Though  the  calcination  of  metalline  fubftances 
is  promoted  byexpofmg  them,  in  powder  or  in  file- 
ings,  to  the  adion  of  fire,  and  by  ordering  it  fo  that 
they  may  rioi  melt,  becaufe  they  prefent  a much 
lmailer  furface  when  melted  than  when  unmelted  ; 

yet  j 
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yet  we  have  not  diredted  this  precaution  to  be  ufed 
in  calcining  Tin.  The  reafon  is,  this  metal  is  fo 
fufible  that  it  cannot  endure  the  degree  of  fire  re- 
quifite  to  deftroy  the  phlogifton  without  melting, 
and  of  courfe,  though  Tin  calcines  eafily,  the  ope- 
ration is  neverthelefs  tedious,  becaufe  the  melted 
metal  prefents  but  a fmall  furface  to  be  adtedon  by 
the  fire  and  the  air.  This  inconvenience  may  be 
partly  remedied,  and  the  operation  greatly  expedit- 
ed, by  dividing  the  quantity  of  Tin  to  be  calcined 
into  feveral  fmall  parcels,  and  expofing  them  to  the 
fire  in  feparate  veflfels,  fothat  they  may  not  re-unite 
when  melted,  and  form  one  fingle  mafs. 

Leaf  Tin  caft  on  Nitre  in  adlual  fufion  caufes  it 
to  deflagrate  and  fulminate  ; and  from  this  mixture 
there  rifes  a white  vapour,  which  is  converted  into 
flowers  when  it  meets  with  an  obfta.cle  to  impede 
its  flying  oft  entirely. 

Mr.  Geoffroy,  who  went  through  a courfe  of  ex- 
periments on  Tin,  an  account  whereof  may  be  feen 
in  the  Memoirs  of  the  Academy  of  Sciences,  found 
that  from  the  colour  of  the  calx  of  that  metal  a 
judgment  may  be  formed  of  its  degree  of  purity, 
and  nearly  of  the  quantity  and  quality  of  the  me- 
tallic fubfiances  with  which  it  is  alloyed.  The  ex- 
periments tried  on  this  fubjedf  by  that  eminent 
Chvmift  are  very  curious* 

He  performed  the  calcination  in  a crucible,  which 
he  heated  to  a cherry-red,  and  kept  up  the  fame 
degree  of  fire  from  the  beginning  to  the  end  of  the 
operation.  The  calx  which  formed  upon  his  metal, 
in  that  degree  of  heat,  appeared  like  fmall  white 
fcales,  a little'reddifh  on  the  under  fide.  He  pufhed 
it  to  one  fide  as  it  formed,  to  the  end  that  it  might 
not  cover  the  furface  of  the  metal,  which,  like  all 
others,  requires  the  contadt  of  the  air  to  turn  it 
into  a calx. 
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Vv  hile  he  was  making  thefecalcinations,  he  had 
‘ ^ opportunity  of  obferving  a curious  fact,  of 
which  nobody  before  him  had  ever  taken  notice: 
* probably  becaufe  nobody  had  ever  calcined  Tin 
“ b/  thc;  fame  method.  The  fad  is,  that  during 

c the  calcination  of  the  Tin,  whether  you  break  the 

“ pellicle  which  forms  on  the  furface  of  the  metal 
while  in  red-hot  fulion,  or  whether  you  let  it  re- 
main without  touching  it,  you  perceive  in  feveral 
“ places  a frqajl  fwell  ofa  certain  matter, wh  ich  burfts 
<l  and  makes  its  way  through  the  pellicle.  This 
. c matter  puffs  up,  grows  red,  at  the  fame  inftant 
takes  fire,  and  darts  out  a fmall  whitifh  flame, 
“ as  vivid  and  as  brilliant  as  that  cf  Zinc,  when 
“ urged  by  a fire  ftrong  enough  to  fublime  it  into 
“ flowers.  The  vividnefs  of  this  flame  may  be  fur- 
“ ther  compared  to  that  of  feveral  fmall  grains  of 
“ phofphorus  of  urine  fired  and  gently  dropped  on 
“ boiling  water.  From  this  bright  flame  a white 
ct  vapour  exhales  j after  which  the  fwelled  mafs 
*c  partly  crumbles  down,  and  turns  to  alight  white 

“ powder,  fometirpes  fpotted.  with  red,  according 

tc  to  the  force  of  the  fire.  After  this  momentary 
ignition,  there arife  ftronger,  more  numerous,  or 
<£  more  frequent  heavings  of  matter,  out  of  which 
“ iffues  a good  deal  of  white  fume,  that  may  be  in- 
“ tercepted  by  a cover  of  tin-plate  or  copper  fitted 
fC  to  the  crucible,  and  appears  to  be  the  flowers  of 
fc  Tin,  which  in  fomemeafurecorrodethefemetals. 
“ Hence  Mr.Geoffroy  conjectures,  with  a great  deal 
rc  of  probability,  thattheirfublimationis  promoted 
“ by  a portion  of  Arfenic.  When  the  cruft  formed 
" by  this  calx  comes  to  be  too  thick  or  in  too  great 
il  a quantity,  to  be  pufhed  ononeiide,  foas  toleave 
“ part  of  thq  metal  uncovered,  Mr.  Geoffroy  puts 

outthefire,  becaufe  no  more  calx  would  beform- 
<<r  ed  j the  communication  of  the  external  air  with 
theJTinin  fufion  beingabfolutely  neceffary  there- 

. tc  to. 
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« to,  as  hath  been  already  faid.  In  this  operation 
« it  is  to  be  obferved  that,  if  the  fire  be  too  flow, 

« neither  the  inflammation  of  the  fulphureous  par- 
« tides,  nor  the  white-  fumes  that  rife,  will  be  fo 
diftinctly  perceived,  as  when  the  fire  is  of  the 
“ degree  requifite  to  keep  the  crucible  juft  of  a 
“ cherry-red  heat. 

“ Mr.  Geoffroy  having  taken  off  this  firft  calx 
« began  the  calcination  anew.  In  this  fecond  heat 

“ the  buddingsor heavings were moreconfiderable, 

« and  (hot  up  in  the  form  of  cauli-flowers;  but  were 
« ftill  comoofed  of  little  feales.  Thethoroughly  cal- 
« cined  portion  of  this  vegetation  waslikewife  white 
« and  red;  and  the  inferiour  furfaces  of  fome  little 
^ bits  thereof  were  wholly  red.  When  tbefe  calci- 
“ nations  are  continued,  fulphureous  vapours  rife 
« feemingly  of  another  kind  than  thofe  which  ap- 
« peared  in  the  beginning;  for  all  the  calx  made 
« by  the  firft  heat  was  perfectly  white  ; whereas  in 
<c  the  fecond  it  begins  to  be  fpotted  here  and  there 
“ with  a tinge  of  black.  Mr.  Geoffroy  was  obliged 
“ to  go  through  a courfe  of  twelve  feveral  calcina- 
te tions  before  he  could  convert  two  ounces  of  Tin 
“ into  a calx.  He  had  the  opportunity,  during 
<f  thefe  feveral  calcinations,  to  obferve  that  after 
tf  the  fourth,  and  fometimes  after  the  third,  the 
««  red  fpots  of  the  calx  decreafe,  and  the  black  in- 
c‘  create;  that  the  germinations  ceafe;  that  the  cruft  > 
ff  of  the  calx  remains  flat ; that  in  the  twelfth  fire 
“ the  Tin  yields  no  more  of  this  fcaly  cruft  ; that 
“ towards  the  end  the  undulations  of  the  fufed 
c<  metal  appear  no  longer ; and  that  the  fmall  re- 
“ mainderof  calx  is  mixed  with  feveral  very  minute 
tf  grains  of  metal,  which  feem  much  harder  than 
<e  Tin.  Mr.  Geoffroy  could  not  collect  a lufficient 
tc  quantity  thereof  to  cupel  them,  and  latisfy  him-. 

<c  felf  whether  or  no  they  were  Silver.” 
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nerllh°ftf  mTn"’  ^ j 1 the  imPerfea:  metals  in  ge- 
neral,  kern  converted  to  a calx,  and  lofe  the  me 

tallme  form  by  one  Angle  calcination,  and  that  a 

ight  one;  yet  they  are  not  wholly  deprived  of  the:r 

pared  acrri  Cabt  °f  Tin>  ^inttance/pre! 

caft  nnon  M S M tbe  Procefs  above  delivered,  be 
at  upon  Nitre  in  fufion,  it  will  make  that  fait 

h ftilfrn  C, Very  percfPtib|y>  a convincing  proof  chat 

fore  c 1 ?S  mUCh  lnfla^mable  matte?.  If  there 
lore  a calx  be  required  abfolutely  free  from  phlo- 

giflon,  this  firft  calx  muft  be  re-calcined  bv  a more 
10  ent  h re  and  the  calcination  continued  till  all 
the  phlogifton  be  diffipated. 

„ “f  m -r' Geoffi'oy  being  defirous  of  having  his  calx 
„ f T,n  Ver>’  puLre  and  PCtfeaiy  calcinedfexpofed 
oncemore  to  the  aftion  office  the  twelve-portions 
ft  oFcaG  obtained  by  hisformer  calcinations.  But! 

« .1  ,'r  T!d  bave  been  t00  tedious  to  re-calcine 
hun  ail  leparately,  he  made  four  parcels  of  the 

whole,  eachconfiftingof  three  taken  according  to 

the  order  in  which  they  were  firft  calcined  : ?nd 
gave  to  each  a fire  lufficiently  ftrong,  and  lonn- 
enough  continued,  to  calcine  them  as  thoroughly 
as  was  poffible.  After  this  fecond  calcination  he 
ound  them  all  of  a moll  beautiful  white,  except 
the  firft  parcel : as  that  confided  of  the  portions 
obtained  by  the  three  firft  heats,  in  all  of  which 
t lere  were  fcales  tinged  with  red,  it  (till  retained 
a Wain  Q carnation,  though  hardly  perceptible. 
Agreeably  to  the  general  rule,  the  two  ounces  of 
, in  gained  in  weight  by  being  thus  calcined;  and 
die  increafe  was  two  dramsand  fifty-feven  grains. 

Mr.  Oeoffroy  oblcrves  that  no  Tin,  but  what 
!S  abfolutely  pure,  will  yield  a perfeftly  white 
ca  x.  He  calcined  in  this  manner  feveral  other 
parcels  of  Tin  that  were  impure  and  varioufly  a T 
Joyed;  each  of  which  produced  a calx  differently 
coloured,  according  p the  nature  and  quantity  of 

“ irs 
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ff  its  alloy  : whence  he  juftly  concludes,  that  calci- 
Cf  nation  is  a very  good  method  of  trying  the  fine- 
neis  of  Tin,  or  its  degree  of  purity/’  °The  par- 
ticulars of  Mr.  Geoffroy’s  experiments  on  this  fub- 
jed,  which  are  very  curious,  may  be  feen  in  the 
Memoirs  of  the  Academy  for  1738. 

It  is  proper  to  take  notice  that  a man  fiiould  be 
very  cautious  how  he  expofes  himfelf  to  the  vapours 
of  Tin,  becaufe  they  are  dangerous ; this  metal  be- 
ing very  juftly  fufpeded  by  Chymifts  of  containing 
fomething  Arfenical.  0 


PROCESS  III.  ' 

The  dijfchition  of  Tin  by  Acids.  The  S mo  kin?  Liquor 

of  Libavips, 

PUT  into  a glafs  veftel  what  quantity  you  pleafe 
of  fine  Tin  cut  into  little  bits.  Pour' on  it 
thrice  as  much  Aqua  Regis , compounded  of  two 
parts  Aqua  Fortis  weakened  with  an  equal  quantity 
of  very  pure  water,  and  one  part  Spirit  of  Salr 
An  ebulhtion  will  arife,  and  the  Tin  will  be  very 
rapidly  dilfolved  ; efpecially  if  the  quantities  of 
metal  and  Aqua  Regis  be  cqnfiderable. 


Q B S E R RATIO  NS. 


Tin  lsdolubleby  all  the  Acids;  but  Aqua  Rem 
lulves  libeltofany.  Yet  in  this  diflblurion  it  comes 
to  pafs  that  part  of  the  diffolved  Tin  precipitates  of 

fsown  accord  to  thebottom  of  the  vefiel,  intheform 

i(  a white  powder.  The  foliation  of  Tin  is  verv 
u for  preparing  the  purple-coloured  precipitate  of 

/ft  f li°7h‘S  PU?°fe  th<5  r°llltion  of  Tin  itiult 
ie  let  fall  drop  by  drop,  into  a folution  of  Gold 

loef  b^itn  r°'VCS  T!n  nCarly  as 

loes,  but  it  occafions  a greater  quantity  of  calif 

if 
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If  two  or  three  parts  of  Oil  of  Vitridl  be  poured 
on  one  part  of  Tin,  and  if  the  veffel  in  which  the 
mixture  is  made  be  expofed  to  luch  a degree  of 
heat  as  to  evaporate  all  the  moifture,  there  will  re- 
main a tenacious  matter  flicking  to  the  fides  of  the 
veffel.  If  water  be  poured  on  this  matter,  and  it 
be  then  expofed  a fecond  time  to  the  fire,  it  will 
diffolve  entirely,  excepting  a fmall  portion  of  a 
glutinous  jubilance,  which  alfo  may  be  difTolved 
in  frefh  Oil  of  Vitriol. 

The  Acid  of  Sea- fait  may  be  combined  with  Tin 
by  the  following  prccefs.  Mix  perfectly,  by  tritu- 
ration, in  a marble  mortar,  an  amalgam  of  two 
ounces  of  fine  Tin,  and  two  ounces  and  a half  of 
Quick -filver,  with  as  much  Corrofive  Sublimate. 
As  foon  as  the  mixture  is  completed,  put  it  into  a 
o-l a fs  retort,  and  diftill  with  the  fame  precautions 
as  we  diredted  to  be  ufed  in  preparing  concentrat- 
ed and  fmoking  Acids.  There  will  firft  come  over 
into  the  receiver  fome  drops  of  a limpid  liquor, 
which  will  foon  be  followed  by  an  elaftic  fpint  that 
will  iffue  out  with  impetuofity.  At  1 aft  fome  flow- 
ers, and  a faline-  tenacious  matter  will  rife  into  the 
neck  of  the  retort.  Then  flop  your  diftillation,  and 
pourinto  a glafs  bottle  theliquoryou  will  find  in  the 
receiver.  Thisliquorcontinuallyexhales aconfider- 
able  quantity  of  denle,  white  fumes,  as  long  as  it  is 
allowed  to  have  a free  communication  with  the  air. 

The  produdt  of  this  diftillation  is  a combination 
of  the  Acid  of  Sea-falt  with  Tin.  As  the  affinity  of 
Tin  with  this  Acid  is  greater  than  that  of  Mercury, 
the  Acid  contained  in  the  Corrofive  Sublimate  quits 
the  Mercury,  wherewith  it  was  united,  to  join  the 
Tin  ; which  it  volatilizes  fo  as  to  make  it  rife  with 
itfelf  in  a liquid  form.  We  make  ule  of  the  amat- 
o-am  of  Tin  withQuick-frlver,becaufe  we  are  there- 
by enabled  to  mixtheCorrofiveSublimateperfeaiy 

J there- 
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therewith,  as  the  fuccefs  of  the  operation  requires 
it  mould  be.  n 

In  this  experiment  the  Tin  is  volatilized,  and 
the  Acid  of  Sea-falt,  which  is  exceedingly  concen 
trated,  flies  off  inceffantly  in  the  form  of  white 
vapours.  This  compound  is  known  in  Chymiftrv 
by  the  name  of  the  Smoking  Liquor  of  Libavhu  s a 
name  derived  from  its  quality,  and  from  its  Inven- 
tor. Tin  di Solved  by  Acids  is  eafily  Separated 

Smof  a'wh^calx.^  a‘W3-VS  « 


CHAP.  VI. 
Of  Lea  d. 


PROCESS  I. 

fo  extract  Lead  from  its  Qve. 

HAVING  rafted  your  Lead  ore  reduce  it  to 
a fine  powder;  mix  it  with  twice  its  weight 
ot  tne  black  flux,  and  one  fourth  of  its  weiahfof 

; clean  !™n  fillnSs  and  borax ; put  the  whole°  into 
a ci  ucible  capable  of  containing  at  lead  thrice  as 
much ; over  all  put  Sea-falt  four  finaers  thfd 
■ cover  the  crucible;  lute  thejunfhire:  d?ythe  whole 
wi^h  a gentle  heat,  and  fet  it  in  a melting  furnace. 

Make  the  crucible  moderately  red  • vouwill  1,, 
the  Sea-falt  decrepitate,  and  a Jr S'CS 
■ a fmall  hilling  in  the  crucible.  Keep  up  the  f! 

1 degree  of  fire  till  that  be  over.  P P fame 
llien  throw  in  as  many  coals  as  are  nerefT, . 

ter 
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ter  of  an  hour,  which  is  time  fufficient  for  the 
precipitation  of  the  Regulus. 

When  the  operation  is  finifhed,  which  may  be 
known  by  the  quietnefs  of  the  matter  rn  the  cru- 
cible, and  by  a bright  vivid  flame  that  will  rife 
from  it,  take  the  crucible  out  of  the  furnace,  and 
feparate  the  Regulus  from  the  fcoria. 

OBSERVATIONS. 

All  Lead  ore  contains  a good  deal  of  Sulphur, 
which  muft  be  firft  feparated  from  it  by  roafting: 
and  as  this  kind  of  ore  is  apt  to  fly  when  firft  expof- 
ed  to  the  fire,  it  is  proper  to  keep  it  covered  till  it 
be  thoroughly  heated.  Another  precaution  to  be 
ufed,  in  roafting  this  ore,  is  not  to  give  it  too 
great  a heat,  but  to  keep  the  veflel  which  contains 
it  juft  moderately  red;  becaule  it  eafily  turns 
clammy,  which  occafions  it  to  ftick  to  the  vefiel. 

The  iron  that  is  added,  and  mixed  with  the  flux, 
abforbs  the  Sulphur  which  may  happen  to  remain, 
even  after  roafting:  it  helps  alio  to  leparate  from  the 
Lead  fome  portions  of  lemi  metal,  eipecially  of  An- 
timony, which  are  frequently  mixed  with  this  ore. 

There  is  no  fear  left  the  Iron  mix  with  the  Lead 
in  fufion,  and  adulterate  it:  for  thefe  two  metals 
are  incapable  of  contracting  any  union  together, 
when  each  has  its  metalline  form. 

Nor  is  there  any  reafon  to  apprehend  left  the 
Iron  fhould,  by  its  refraCtory  quality,  obftruCt  the 
fufion  of  the  mixture ; for  though  this  metal  be 
not  fufible  when  alone,  yet,  by  the  union  it  con- 
tracts with  the  matters  it  is  defigned  to  ablorb,  it 
becomes  fo  to  fuch  a degree  as  in  iome  meature  to 
perform,  on  this  occafion,  the  office  of  a flux. 

The  government  of  the  fire  is  a point  of  great 
confequence  in  this  operation.  It  is  neceflary  to  ap- 
ply but  a moderate  degree  of  heat  at  firft:  for,  when 
the  metallic  earth  of  the  Lead,  combining  with  the 

phlogifton. 
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phlogifton,  acquires  the  metalline  form,  itfwells  up 
in  inch  an  extraordinary  manner,  that  there  is  great 
danger  left  the  matter  fhould  overflow,  and  run  all 
out  of  the  containing  veflel.  With  a view  there- 
fore to  avoid  this  inconvenience,  we  direct  a very 
large  crucible  to  be  ufed.  This  heaving  of  the 
Lead,  at  the  inftant  of  its  reduction,  is  attended 
with  a noife  like  the  whittling  of  wind. 

Notwithftanding  all  the  precautions  that  can  be 
ufed  to  preventthe  redudlion  from  taking  place  too 
haftily,  and  fo  occalioning  the  effuflon  of  the  mat- 
ter, it  often  happens  that,  on  railing  the  fire  in 
order  to  bring  the  mixture  into  fufion,  the  hi  fling- 
luddenly  begins  again,  and  is  very  loud.  In  that 
cale  all  the  apertures  of  the  furnace  mu  ft  immedi- 
ately be  fhut  clofe,  in  order  to  choak  and  fuffocate 
the  fire:  for,  if  this  be  negletfred,  the  matter  in 
the  crucible  will  fwell  up,  make  its  way  through 
the  luting  of  the  juncture,  nay,  pufli  up  the 
cover,  and  run  over.  This  accident  is  to  be  appre- 
hended during  the  firft  five  or  fix  minutes  after  you 
raile  the  fire  in  order  to  melt  the  mixture.  This  ef- 
fufion  of  the  matter  is  accompanied  with  a dull 
flame,  a thick,  grey  and  yellow  fmoke,  and  a noife 
like  that  of  fome  boiling  liquor.  When  you  obferv'e 
thefe  feveral  phenomena  you  may  be  fure  the  mat- 
ter is  run  out  of  the  crucible,  either  in  the  manner 
above  deferibed,  or  by  making  its  way  through 
iome  cracks  in  the  veflel,  and  confequently  that  the 
operation  is  fpoiled. 

Moreover,  this  event  infallibly  follows  whene  ver 
a bit  of  coal  Happens  to  fall  into  the  crucible;  and 
this  is  one  reafon  why  it  is  heceflarv  to  cover  ft. 

You  may  be  certain  that  the  operation  hath  fuc- 
Cecded  if  the  fcoria  be  fmooth  when  cold,  and  have 
not  in  parteleaped  through  the  lute;  if  the  Lead  be 
notdifperfed  in  globules  through  the  whole  mats  of 
the  matter  contained  in  the  crucible,  but  is,  on  the 

contrary,. 
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contrary,  collected  at  the  bottom,  in  the  form  of  a 
folid  Regulus,  not  very  fhining,  but  of  a bluifh 
caft,  and  du£tile.  Moreover  the  fcoria  ought,  in 
the  prefent  cafe,  to  be  hard  and  black,  and  fhould 
not  appear  full  of  holes  like  a fieve,  except  only  in 
that  part  which  was  contiguous  to  the  Salt. 

Here  it  is  proper  to  obferve  that  the  Sea-falt 
doth  not  mix  with  the  fcoria,  but  floats  upon  it. 
After  the  operation  it  is  black;  which  colour  it 
gets,  no  doubt,  from  the  charred  parts  of  the  flux* 
The  abfence  of  thefe  figns  fhews  the  operation  to 
have  mifcarried. 

When  the  ore  to  be  fmeltedispyritofeand  refrac- 
tory, it  may  be  roafted  at  firft  with  amuchftronger 
degree  of  fire  than  is  ufed  for  ores  that  are  fufible  ; 
becaufe  the  martial  earth,  and  the  unmetallic  earth, 
which  are  always  mixed  in  pyritofe  matters,  hinder 
it  from  growing  readily  foft  in  the  fire.  Befides, 
fuch  an  ore  requires  a greater  quantity  of  the  black 
flux  and  of  borax  to  be  mixed  with  it,  and  a higher 
degree  of  fire  to  fufe  it. 

It  is  generally  needlefs  to  mix  iron  filings  with 
this  fort  of  ore ; becaufe  the  martial  earth,  with 
which  pyritofe  matters  are  always  accompanied,  is 
reduced  during  the  operation  by  the  help  of  the 
black  flux,  which  for  that  purpofe  is  mixed  with 
it  in  a large  proportion,  and  furnifhes  a quantity 
of  iron  fufficient  to  abforb  the  heterogeneous  mine- 
rals mixed  with  the  Lead. 

Yet,  if  it  Ihoiild  be  obferved  that  the  pyrites 
which  accompany  the  Lead  ore  are  arfenical,  then, 
as-fuch  pyrites  contain  but  a fma-11  quantity  of  fer- 
ruginous earth,  iron  filings  mull:  be  added;  which 
are,  on  this  occafion,  fo  much  the  more  neceflary 
forabforbing  the  Arfenic,  as  this  mineral  remains  in 
part  confounded  with  the  ore,  is  reduced  to  a Regu- 
lus during  the  operation,  unites  with  the  Lead,  and 
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deftroys  a great  deal  of  it  by  procuring  its  vitrifw 
cation. 

The  Lead  obtained  from  fuch  pvritofe  ores  is 
commonly  not  very  pure;  it  is  blackifn  and  fcarce 
ductile ; qualities  communicated  to  it  by  a fmall 
mixture  of  Copper  in  the  pyrites,  which  always  con- 
tain more  or  lefs  thereof.  We  fhall  prefently  fhew 
the  method  of  feparatmg  Lead  from  Copper. 

Lead  ore  may  alfobereduced  by  melting  it  amidft 
coals.  For  that  purpofe  firfb  kindje  a fire  in  the 
furnace  in  which  you  intend  to  melt  your  ore;  then 
put  a layer  of  your  ore  immediately  upon  thelighted 
coals,  and  cover  it  with  another  layer  of  coals. 

. T^ugh  the  melting  furnace  ufed  for  this  opera- 
tion be  capable  of  giving  a confiderable  heat,  yet  it 
is  neceHary  further  to  increafe  the  force  of  the  fire 
by  the  means  of  agood  pair  of  perpetual  bellows 
which  will  produce  an  effeft  like  thatof  aforcre  The 
ore  meks,  the  earthof  the  Lead  unites  with  the  phlo- 
! gutonof  the : coals,  andfoisreduced  tometal,  which 
runs  tnrough  the  coals,  and  falls  into  an  earthen  vei- 
(el  placed at  the  bottom  of  the  furnace  to  receive  it 
Care  muft  be  taken  to  keep  this  veffel  well  filled 
with  charcoal-duft,  to  the  end  thatthe  Lead  may  be 
:.n  nodangerof  calc, nation  while  it  continues  there- 

> the  charcoal-duftqonftantlyfurnilhingit  with  phlo 

‘gifton  to  preferve  its  metalline  form. 

The  earthy  and  ftony  matters  that  a’ccomn-nu  rh, 
tore  are  fcorified  by  this  fiifion,  juftas  they  are  bythe 
(.other  which  is  performed  in  a clofe  veffel.  With  re- 
gard to  the  Sulphur  and  Arfenic,  they  are  fuppofed 
t:o  have  been  firft  accurately  feparated  from  the  ore 
thy  roafting.  This  is  the  method  commonly  em 
bloyed  for  Imelnng  Lead  ore  at  the  works.  Y 
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PROCESS  II. 

To  Jeparate  Lead  from  Copper. 

If  7*1  TH  luting  earth  and  charcoal-duft  make 
W a flat  vcffel,  widening  upwards,  and  large  • 
enough  to  contain  your  metalline  mafs.  Set  it  (hel- 
ving downwards  from  the  back  towards  the  fore- 
part; and  in  the  fore-part,  at  the. bottom,  make  a 
little  gutter  communicating  with  another  veffel  of 
the  fame  nature,  placed  near  the  former,  and  a little 
lower.  Let  the  mouth  of  the  gutter  within  fide  the 
upper  veffel  be  narrowed,  by  means  of  a finall  iron 
plate  fixed  acrofs  it,  while  the  loam  is  yet  foft ; fo  as 
to  leave  a very  fmall  aperture,  in  the  lower  part  of  this 
canal,  fufficient  to  difeharge  the  Lead  as  it  melts. 
Dry  the  whole  by  placing  lighted  coals  around  it. 

When  this  apparatus  is  dry,  put  your  mixed  mafs 
of  Copper  and  Lead  into  the  upper  veffel : both  in 
that,  and  in  the  other  veffel,  light  a very  gentle  fire 
of  wood  or  charcoal,  fo  as  not  to  exceed  the  degree 
of  heat  neceffary  to  melt  Lead.  In  fuch  a degree 
of  heat  the  lead  contained  in  the  mixed  mafs  will 
melt,  and  you  will  fee  it  run  out  of  the  upper  veffel 
into  the  lower,  at  the  bottom  of  which  it  will  unite 
into  a Regulus.  When  in  this  degree  of  heat  no 
more  Lead  flows,  increafe  the  fire  a little,  fo  as  to 
make  the  veffel  moderately  red. 

W/hen  no  more  will  run,  colledt  the  Lead  con- 
tained in  the  lower  veffel.  , Melt  it  over  again  in  an 
iron  ladle,  with  a degree  of  fire  fufficient  to  make 
the  ladle  red  ; throw  into  it  a little  tallow  or  pitch, 
and  while  it  burns  keep ffirring  the  metal,  in  order 
to  reduce  any  part  of  it  that  may  be  calcined.  Re- 
move thepellicle  orthin  cruftwhich  will formon the 
furface;  fqueeze  out  all  the  Lead  it  contains,  and 
then  put  it  to  the  mafs  of  Copper  left  in  the  upner 

6 veffel. 
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vefTc'l.  Check  the  fire,  and  in  the  fame  manner 
take  on  a iecond  fkin  that  will  form  on  the  furface 
the  Lead.  Laflly,  when  the  metal  is  ready  to 
hx,  take  off  the  Ikin  that  will  then  appear  on  it. 
1 he  Lead  remaining  after  this  will  be  very  pure, 
and  free  from  all  alloy  of  Copper. 

With  regard  to  the  Copper  itielf,  you  will  find 
Jt  in  the  upper  veffel  covered  with  a thin  coat  of 
Lead  . and  if  the  Lead  mixed  with  it  was  in  the 
‘proportion  of  a fourth  or  a fifth  part  only,  and  the 
lire  applied  was  gentle  and  flow,  it  will  retain 
nearly  the  lame  form  after  the  operation  that  the 
mixed  mafs  had  before. 


O B S E R VAT  10  NS. 

Lead  frequently  remains  mixed  with  Copper 

after  the  redufhon  of  its  ore,  efpecially  if  cheorewas 

1 PVmt°le.  1 ho’  Copper  be  a much  more  beautiful 

I ?nd  m°[,e  duja,le  ,metai  than  Lcad,  y«  the  latter  by 

hri,nrfd  i?rhWith  th?.former  is  tendered  eager  and 
brntle.  This  bad  quality  is  eafily  difeovered  by  the 

eye  on  breaking  it : for  the  furface  of  the  broken 

part  appears  all  granulated  ; whereas  when  itispure 

it  is  more  evenly,  and  refembles  a congeries  of  folid 

.angles.  If  the  Lead  be  alloyed  with  a confiderable 

^quantity  of  Copper,  its  colour  hath  a yellowilhcaft. 

ConfidenngthebadqualitieswhichCoppercom- 

rnumcates  to  Lead,  it  is  necefiary  to  feparate  thefe 
fwo  metals  from  each  other.  The  method  above 

*!d  down  15  the  and  the  bell.  It  is  found! 

..d  on  two  properties  belonging  to  Lead:  the  firft  is 
i hat  of  being  much  more  fufible  than  Copper-  fo 
hat  it  will  melt  and  run  in  a degree  of  heat  that  Is 
not  capable  of  making  the  Copper  ken  red-ho 
kh.ch  yet  is  very  far  from  beingP  able  to  melt  it - 
^ e fecond  is,  that  Lead,  though  it  hath  an  affinL 
/ith  Copper,  and  unites  very  perfectly  therewi th 
etis  not  able  to  diffo.ve  it 

L‘L  Cc  than 
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than  the  degree  barely  neceffary  to  fufe  Lead.  Hence 
it  comes  that  Lead  may  be  melted  in  a Copper  vef- 
fel,  provided  no  greater  degree  of  heat  be  applied 
than  that  purpofe  requires.  But  when  the  Lead  be- 
comes lo  hot  as  to  be  red,  fume  and  boil,  it  in- 
ftantly  begins. to  diffolve  the  Copper.  For  this  rea- 
fon,  it  is  effenfial  to  the  fuccefsof  our  operation  that 
a moderate  degree  of  heat  only  be  applied,  and  no 
greater  than  is  requifite  to  keep  the  Lead  in  fufion. 

Charcoal-duft  is  made  an  ingredient  in  the 
compofition  of  the  veffels  ufed  on  this  occafron, 
in  order  to  prevent  the  calcination  of  the  Lead. 

The  iron  plate,  with  which  the  entrance  of  the 
gutter  within  the  upper  velfel  is  narrowed,  lerves  to 
prevent  the  larger  pieces  of  Copper,  which  the  Lead 
may  carry  along  with  it,  from  palling  through  : it 
flops  them,  and  allows  the  Lead  to  run  off  alone. 

But  as  thefe  parcels  of  Copper  may  entirely  choak 
the  paffage,  care  mu  ft  be  taken,  when  any  happen 
to  be  flopt,  to  remove  them  from  the  entrance  of 
the  gutter,  and  pufh  them  back  into  the  middle  of 
the  velTel.  It  is  alfo  neceffary  to  obferve  whether 
or  no  the  Lead  fixes  any  where  in  the  paffage ; and, 
if  it  does,  the  heat  of  that  part  muft  be  increafed, 
in  order  to  melt  it  and  make  it  run  oft. 

Notwithftanding  all  the  precautions  that  can  be 
taken,  to  hinder  the  melted  Lead  from  carrying  off 
any  Copper  with  it,  it  is  impoffible  to  prevent  this 
inconvenience  entirely:  and  therefore  the  Lead  is 
melted  over  again,  in  order  to  feparatethe  fmall  por- 
tion of  Copper  with  which  it  is  ftill  adulterated. 

As  Copper  is  much  lighter  than  Lead,  if  thefe 
two  metals  happen  to  be  fo  blended  together  that: 
the  Copper,  without  being  in  fufion  and  diffolved  by 
the  Lead,  is  only  interpofed  between  the  parts'  of  the 
melted  Lead,  fo  as  to  iwipi  therein,  it  is  then  pre- 
cifely  in  the  cafe  of  a folid  body  plunged  into  ft 

fluid  heavier  than  itfclf,  and  mull  rile  to  the  fm  face, 
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iii<c  wood  thrown  into  w&ttr.  Jt  is  proper  to  burn 
iome  inflammable  matter  on  this  melted  Lead,  in 
order  to  reduce  fuch  parts  thereof  as  are  conftantly 
calcining  on  its  furface  while  it  is  in  fufion ; for 
without  this  precaution  they  would  be  taken  off 
together  with  the  Copper. 

Tne  Copper  remaining  after  this  Reparation  is,  as 
we  took  notice  before,  it  ill  mixed  with  a little  Lead. 
It  }ou  defire  to  feparate  it  entirely  therefrom,  you 
mult  put  it  into  a cupel,  and  expofe  it  under  the 
muffle  to  fuch  a degree  of  fire  as  may  convert  all  the 
Lead  into  litharge.  This  cannot  be  fo  done  but 
that  fome  of  the  Copper  alfo  will  be  fcorified  by 
the  heat  of  the  fire,  and  by  the  aftion  of  the  Lead  : 
but  as  there  is  a very  great  difference  between  the 
facility  and  readmefs  with  which  thefe  two  metals 
calcme,  the  portion  of  Copper  that  is  calcined, 
vyi  1 e the  whole  Lead  is  turning  into  litharge,  is 
lcarce  worth  conlidering. 

The  Lead,  though  carefully  feparated  from  the 
opper  by  the  procefs  here  delivered,  is  not  yet  ab- 
loiute  y pure  : fometime*  it  is  alloyed  with  Gold, 


J I f.  , ^ W1 

and  almoft  always  contains  fome  Silver. 
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would  free  the  Lead  as  much  as  poffible  from  any 
mixture  of  thefe  two  metals,  you  mull  convert  it 
into  glafs,  feparate  the  remaining  bead,  and  after- 
wards  reduce  this  glafs  of  Lead.  But,  as  thefe  two 
ptiiet.  metals  are  of  no  prejudice  to  the  Lead,  it 
is  not  ulual  to  feparate  them  from  it,  unlefs  they  be 
in  a fufficient  proportion  to  defray  the  charge,  and 
1 Produce  fome. profit  befides.  7 

When  we  examine  by  the  cupel  the  juft  nronor 
I'  ipnof  Gold  and  Silver  that  an  ore  Jor  S 
utalline  mafs  will  yteld,  we  make  a previous 

°r  sn' 


C C 2 


PRO- 


OF  THE 


Elements 


PROCESS  III. 

The  Calcination  of  Lead. 

TAKE  what  quantity  of  Lead  you  pleafe ; 

melt  it  in  one  or  more  unglazed  earthen 
pans  : a dark  grey  powder  will  be  found  on  its 
furface.  Keep  ftirring  the  metal  inceffantly  till  it 
be  wholly  converted  into  fuch  a powder,  which  is 
the  Calx  of  Lead. 

OBSERVATIONS. 

As  Lead  is  a very  fufible  metal,  and  in  that 
refpedl  greatly  refembles  Tin,  molt  of  the  obfer- 
vations  we  made  on  the  calcination  of  Tin  may  be 
applied  here. 

In  the  calcination  of  all  metals,  and  particularly 
in  this  of  Lead,  there  appears  a lingular  phenome- 
non which  is  not  eafily  accounted  for.  It  is  this : 
though  thefe  matters  lofe  a great  deal  of  their  fub- 
ftance,  either  by  the  diflipation  of  their  phlogifton, 
or  becaufe  lbme  of  the  metal,  perhaps,  exhales  in 
vapours,  yet  when  the  calcination  is  over  their 
calxes  are  found  to  be  increafed  in  weight,  and  this 
increafe  is  very  confiderable.  An  hundred  pounds 
of  Lead,  for  example,  converted  into  Minium, 
which  is  nothing  but  a calx  of  Lead  brought  to  a 
red  colour  by  continuing  the  calcination,  are  found 
to  gain  ten  pounds  weight ; lo  that  for  an  hundred 
pounds  of  Lead  we  have  one  hundred  and  ten 
pounds  of  Minium:  a prodigious  and  almolt  in- 
credible augmentation,  if  it  be  coniidered  that,  far 
from  adding  any  thing  to  the  Lead,  we  have  on 
the  contrary  diflipated  part  of  it. 

To  accountfor  this  phenomenon  Natural  Philolo- 
phers  and  Chymifts  have  invented  feveral  ingenious 
hypothefes,  but  none  of  them  entirely  fatisfa&ory* 
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As  we  have  no  eftablifhed  theory  to  proceed  upon, 
we  Ih all  not  undertake  to  explain  this  extraordi- 
nary fa£t. 


PROCESS  IV, 

To  prepare  Glafs  of  Lead. 

TAKE  two  parts  of  Litharge,  and  one  part  of 
pure  crydalline  Sand ; mingle  them  together 
as  exactly  as  poflible,  adding  a little  Nitre  and  Sea- 
falt:  put  this  mixture  into  a crucible  of  the  mod 
iolid  and  mod  compact  earth.  Shut  the  crucible 
with  a cover  that  may  perfedly  clofe  it. 

Set  the  crucible  thus  prepared  in  a melting  fur- 
nace ; fill  the  furnace  with  coals  $ light  the  fire 
gradually,  1 o that  the  whole  may  be  flowly  heated  : 
then  raile  the  fire  fo  as  to  make  the  crucible  very 
red,  and  bring  the  matter  it  contains  into  fufion \ 
keep  it  thus  melted  for  a quarter  of  an  hour. 

Then  take  the  crucible  out  of  the  furnace,  and 
break  it : in  the  bottom  thereof  you  will  mod  com- 
monly  find  a fmall  button  of  Lead,  and  over  it  3. 
tranfparent  Glafs,  of  a yellow  colour  nearly  refem- 
bling  that  of  amber.  Separate  this  Glafs  from  the 
little  button  of  metal,  and  from  thelaline  matters 
which  you  will  find  above  it. 

O B S E R VAX  IQ  NS. 

Pure  Lead,  being  expofed  to  a drong  fire  with- 
out any  additament,  turns  to  Litharge } which  is  a 
lcaly  fort  of  fubdance,  more  or  lefs  yellowifi!  fhjn_ 
mg,  and  foft  to  the  touch.  This  is  the  firft  advance 
to  the  V unification  of  Lead.  The  large  refineries 
of  Gold  and  Silver  by  the  means  of  Lead  furnifh 

^'.ty  of  this  material.  It  is  fometimes 
w utilh,  and  is  then  called  Litharge  of  Silver-,  fome- 
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times  yellow,  and  then  bears  the  name  of  Litharge  'I 
of  Gold.  The  difference  of  its  colour  depends  on 
the'dcgree  of  fire  it  hath  undergone,  and  on  the 
metalline  fubftances  vitrified  with  it. 

Litharge  alone  is  very  fufible,  and  being  expofed 
to  the  fire  is  eafily  converted  into  Glafs : but  this 
Glafs  of  Lead,  made  without  additament,  is  fo 
adtive,  fo  penetrating,  and  fo  apt  to  fwell,  that  it 
can  fcarcely  be  made  ufe  of  when. pure.  We  are 
obliged  in  fome  fort  to  clog  it,  by  uniting  it  with 
fome  vitrifiable  matter  that  is  not  fo  fubtile,  fuch 
as  Sand  ; and  it  is  for  this  reafon,  not  to  render 
the  mixture  more  fufible,  that  we  have  diredted 
the  addition  of  one  third  part  of  Sand  to  two 
thirds  of  Litharge. 

The -Nitre  and  Sea-falt,  prefcribedas  ingredients 
in  the  mixture,  are  defigned  to  procure  an  equal  fu- 
fion  of  the  whole.  For,  as  the  Sand  is  lighter  and 
lefs  fufible  than  the  Litharge,  it  will  partly  rife  to- 
wards the  upper  part  of  the  crucible  when  that 
matter  firfi:  begins  to  flow ; in  confequence  whereof 
the  contents  of  the  upper  part  will  be  much  more 
difficult  to  melt,  and  form  a Glafs  much  more  corn- 
pad  than  that  below  : but  the  Nitre  and  Sea-falt 
pofleffing  the  upper  part  of  the  crucible,  becaule 
they,  are  flill  lighter  than  the  Sand,  and  being  in 
their  own  nature  very  efficacious  fluxes,  on  account 
of  their  great  fufibility,  they  quickly  bring  about 
the  fufion  of  thofe  particles  of  Sand,  which,  having 
efcaped  the  addon  of  the  Litharge,  may  have  rifen 
unvitrified  to  its  furface. 

The  moil  difficult  thing  to  procure,  and  yet  the 
- moil  neceflfary  to  the  fuccefs  of  this  operation,  is  a 
crucible  of  earth  fo  firm  and  compadt  as  not  to  be 
penetrated  by  the  Glafs  of  Lead,  which  corrodes 
and  makes  its  way  through  every  thing. 

The  precaution  of  chufing  a crucible,  that  fhall 
contain  a good  deal  more  than  the  matter  to  be  vi- 
trified. 
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trifled,  is  a necefiary  one,  becaufe  Litharge  and 
Glafs  of  Lead  are  very  apt  to  fwell. 

The  rule  to  keep  the  crucible  clofe  fhut  is  alfo 
indifpenfably  necefiary,  to  prevent  any  bit  of  char- 
coal, or  other  inflammable-matter,  from  falling  into 
it : for  when  this  happens  itoccafions  a reduction  of 
the  Lead,  which  is  always  attended  with  a fort  of 
effervefcence,  and  fuch  a confiderable  heaving,  that 
commonly  mod  of  the  mixture  runs  over  the  cruci- 
ble. For  the  fame  reafon  it  is  very  proper,  before 
you  expofe  the  mixture  to  the  fire,  to  examine  whe- 
ther or  no  it  contains  any  matter  capable  of  furnifh- 
ing  a phlogifton  during  the  operation ; and  if  it 
does,  to  remove  that  matter  with  great  care. 

The  little  button  of  Lead,  found  at  the  bottom 
of  the  crucible  after  the  operation,  comes  from  a 
fro  all  portion  of  Lead  that  is  commonly  left  in 
Litharge,  unlefs  you  prepare  it  carefully  yourfelf, 
and  do  not  take  it  from  the  fire  till  you  are  fure  of 
having  deftroyed  all  the  Lead.  Befides,  this  fmall 
portion  of  Lead  can  be  of  no  prejudice  to  the 
operation,  becaufe  it  cannot  communicate  its 
phlogifton  to  the  reft  of  the  matter. 

The  revivifying  of  Litharge,  of  the  Calx,  and  of 
the  Glafs  of  Lead,  may  be  obtained  by  the  fame 
procefles  as  the  reduction  of  its  ore. 


PROCESS  V. 


Lead  dijfolved  by  the  Nitrous  Acid. 

\ t 

PUT  into  a matrafs  fome  Aqua  Fortis  precipi- 
tated like  that  ufed  to  diflfolve  Silver;  weaken 
it  by  mixingtherewith  an  equal  quantity  of  common 
water;  fet  the  matrafs  in  a hot  fand-bach ; throw  in- 
to it,  little  by  little,  fmall  bits  of  Lead,  till  you  fee 
that  no  more  will  diflol  ve.  Aqua  I'ortis  thus  lowered 
will  diflfolve  about  a fourth  of  its  weight  of  Lead. 

C c 4 There 
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,.2,Jiere  1S  gradually  formed  upon  the  Lead,  as  it 
lfiolves,  fir  ft  a grey  powder,  and  afterwards  a 
white  cruft,  which  at  laft  hinder  the  folvent  from 
aftingon  the  remaining  part  of  the  metal;  and 
therefore  the  liquor  fhoulcl  be  made  to  boil,  and 
the  veflel  fhould  be  fhaken  to  remove  thofe  im- 
pediments, by  which  means  all  the  Lead  will  be 
diffolved. 

OBSERVATIONS. 

Lead  very  much  relembles  Silver,  with  refpeft 
to  the  phenomena  which  attend  its  diffolution  in 
Acids.  For  example,  the  Nitrous  Acid  muff  be 
very  pure  and  uncontaminated  with  the  Vitriolic 
or,Marine  Acid,  to  qualify  it  for  keeping  the  Lead 
in  folution  : fqr,  if  it  be  mixed  with  either  the  one 
or  the  other  of  thefe  Acids,  the  Lead  will  precipi- 
tate in  the  form  of  a white  powder  as  faff  as  it 
diffolves ; which  is  juft  the  cafe  with  Silver. 

If  the  Vitriolic  Acid  be  mixed  with  the  Nitrous, 
the  precipitate  will  be  a combination  of  the  Vitri- 
olic Acid  with  Lead;  that  is,  a Neutral  Metallic 
Salt,  or  Vitriol  of  Lead.  If  the  Acid  of  Sea-fak 
be  mixed  therewith,  the  precipitate  will  be  a 
P lumbum  corneum ; that  is,  a Metallic  Salt  refem- 
bling  the  Luna  cornea. 

When  all  the  Lead  is  diffolved  as  above  defcrib- 
ed,  the  liquor  appears  milky.  If  it  be  kept  warm 
over  the  fire  till  little  cryftals  begin  to  appear  on  its 
fur  face,'  and  afterwards  left  to  ftand  quiet,  in  a cer- 
tain time  there  will  be  found  at  thebottom  a greyifh 
powder,  which  being  tried  on  Gold  is  Mercurial 
enough  to  whiten  it.  Little  globules  of  Quick- 
silver are  even  difcernible  in  it. 

Weowe  thisobfervation, together  with  this  man- 
ner of  proving  the  exiftence  of  Mercury  in  Lead, 
and  of  procuring  it  from  thence,  to  M.  Groffe,  who 
hath  given  an  account  of  his  prgcefs  in  the  Memoirs 

of 
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of  the  Academy  of  Sciences,  from  whence  we  have 
copied  the  defcription  of  the  operation  in  hand. 

The  folution  being  quickly  poured  off  by  incli- 
nation from  the  grey  mercurial  precipitate  is  ft  ill 
milky,  and  depofites  another  white  fediment.  When 
this  fecond  precipitate  falls  theliquor  becomes  clear 
and  limpid,  and  is  then  of  a fine  yellow  colour,  like 
a folution  of  Gold.  On  this  gold-coloured  folu- 
tion,  and  on  the  twoprecipitates  above-mentioned, 
M.  Groffe  made  feveral  oblervations*  the  chief  of 
which  we  lhall  here  infert. 

The  yellow  liquor  affedts  the  tongue  at  fir  ft  with 
a tafte  of  fweetnefs;  but  afterwards  vellicates  it  very 
fmartly,  and  leaves  on  it  a ftrong  fenfation  of  acri- 
mony,  which  continues  for  a long  time. 

Alkalis  precipitate  the  Lead  fufpended  in  this  li- 
quor, juft  as  they  do  all  other  metals  diffolved  by 
Acids  ; and  this  precipitate  of  Lead  is  white. 

Sea-falt,  or  Spirit  of  Salt,  Separates  the  Leadfrom 
its  folvent,  and  precipitates  it,  as  we  obferved  be- 
fore, into  a Plumbum  corneum  : but  this  precipi- 
tate differs  from  the  Luna  cornea , as  beino-  very  fo- 
luble  in  water;  whereas  the  Luna  cornea  will  not 
diffolve  in  it  at  ail ; or  at  leaft  diffol  ves  therein  with 
great  difficulty,  and  in  a very  fmall  quantity.  This 
Plumbum  corneum  diffolved  in  water  is  amain  precipi- 
tated by  the  Vitriolic  Acid.  .M.  Groffe  obferves 
at  11  ^0rms  an  exception  to  the  eighth  column  of 
^r/ ^^Ge°ff10y’s  Table  of  affinities;  in  which  the 
Acid  of  Sea-falt  is  marked  as  having  a greater  affi 
mty  than  any  other  Acid  with  Metallic  fubftances. 

Our  folution  of  Lead  is  alfo  precipitated  in  a 
white  powder  by  feveral  Neutral  Salts;  fuch  as 
yunblated  Tartar,  Alum,  and  common  Vitriol.  It 
is  by  the  means  of  double  affinities  that  the  Neu- 
tral Salts  effedt  this  precipitation 

rhfr.T?  Watrer,alone  capableof precipi  taring 
the  Lead  of  our  folutiong  by  weakening  the  Acid, 

/ and 
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and  thereby  difabling  it  from  keeping  the  metal 
fufpended. 

L&ftly,  as  all  the  folutions  of  metals  in  Acids  are 
nothing  but  Neutral  metallic  Salts  in  a fluid  form, 
i'o  if  the  folution.  of  Lead  be  evaporated  over  the 
fire,  it  will  fhoot  into  very  beautiful  cryftals,  about 
the  bignefs  of  hemp-feed,  fhaped  like  regular  pyra- 
mids having  fauare  bates.  Thefe  cryftals  are  yel- 
lowifh,  and  have  a lweet  faccharine  tafle  : but  what 
is  mod  Angular  in  them  is,  that,  as  they  confiftof 
the  Nitrous  Acid  combined  with  Lead,  w’hich  ma- 
nifeftly  contains  a great7  deal  of  phlogifton,  they 
cpnftitute  a Nitrons  Metallic  Salt,  which  has  the 
property  of  deflagrating  in  a crucible,  without  the 
addition  of  .any  other  inflammable  matter.  It  is 
extremely  hard  to  diflblve  this  Salt  in  water. 

The  grey  mercurial  precipitate  which  whitens 
Gold,  and  in  which  little  globules  of  running  Mer- 
cury are  perceivable,  is  far  from  beingpure  Mer- 
cury. This  metallic  fubftance  makes  but  a fmall 
part  thereof:  for  it  is  an  affemblage  i.  of  little  cryf- 
tais  of  the  fame  nature  with  thole  afforded  by  the 
evaporated  folution;  2.  of  a portion  of  the  white 
matter, .of  powder,  which  rendersthelolution  milky; 
3.  of  a grey  powder  which  M.  Groffe  confiders  as 
the, only  mercurial  part;  4.  and  Lilly,  of  little 
particles  of  Lead  that  have  efcaped  the  attion  of 
the  folvent;  efpecially  if  a little  more  Lead  than 
the  Acid  is  capable  ofdiflolving  were  added  with  a 
view  to  fat  urate  it  entirely,  as  in  the  prefent  procefs. 

By  means  of  motion  and  heat  the  fmall  parcels  of 
Mercury  may  be  amalgamated  with  the  Lead. 

That  Mercury  fhould  be  found  intire  and  in  glo- 
bules in  the  Spirit  of  Nitre,  which  very  eafily  dif- 
folves  that  metallic  fubftance,  will  not  befurprizing 
to  thofe  who  refiedl  that,  in  the  prefent  cafe,  the 
Acid  is  faturated  with  Lead,  with  which  it  has  a 


greater  affinity  than  with  Mercury ; as  appears  by 

p M. 
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M.  Geoffroy’s  Table  of  Affinities,  where,  in  the 
column  that  hath  the  Nitrous  Acid  at  top,  Lead  is 
placed  above  Mercury.  Agreeably  to  this,  if  Lead 
be  prefented  to  a folution  of  Mercury  in  Spirit  of 
Nitre,  the  Lead  will  bediffolved,  and  as  the  diffolu- 
tion  thereof  advances  the  Mercury  will  precipitate. 

Hence  it  appears  that,  in  order  to  find  any  Mer- 
cury in  the  fpontaneous  precipitate  of  Lead  diffolved 

by  the  Nitrous  Acid,  it  is  neceffary  that  the  Acid 
by  entirely  laturated  v/ith  Lead  5 or  elfe  that  por- 
tion of  the  Acid  which  remains  unfaturated  will 
dillblve  the  Mercury. 

With  regard  to  the  white  powder  that  renders  the 
folution  milky,  and  afterwards  precipitates,  it  is  no- 
thing but  a portion  of  the  Lead,  which,  not  being 
intimately  united  with  the  Acid,  falls  in  part  of  its 
own  accord.  It  it  a fort  of  calx  ot  Lead,  which 
being  expofed  to  the  fire  becomes  partly  glafs,  and 
partly  Lead,  becaufe  it  flill  contains  fome  of  its 
phlogifton. 

iiiMMWtlWi.'TlBg.rirOTnnMTOpi 

CHAP.  VII. 

Of  Mercury. 


PROCESS  I. 

To  extras  Mercury  from  its  Ore,  or  to  revivify  it 

from  Cinabar. 

PULVERIZE  the  Cinabar  from  which  you 
would  extradt  the  Mercury } with  this  powder 
mixan equal partof  clean  iron  filings ] put  the  mix- 
ture into  a retort,  of  glafs  or  iron,1 'leaving  at  leaft 
one  third  part  thereof  empty.  Set  the  retort  thus 

prepared 
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prepared  in  a farid-bath,  io  that  its  body  may  be 
quite  buried  in  the  fand,  and  its  neck  decline  confi- 
derably  downwards : fit  on  a receiver  halffilled  with 
water,  and  let  the  nofe  of  the  retort  enter  about 
half  an  inch  into  the  water. 

Heat  the  vefiels  fo  as  to  make  the  retort  mode- 
rately red.  The  Mercury  will  rife  in  vapours,  which 
will  condenfe  into  little  drops,  and  fall  into  the  wa- 
ter in  the  receiver.  When  you  fee  that  nothing 
more  comes  over  with  this  degree  of  heat,  increafe 
it,  in  order  to  raife  what  Mercury  may  ftill  be  left. 
When  all  the  Mercury  is  thus  brought  over,  take 
off  the  receiver,  pour  out  the  water  contained  in 
it,  and  coiled  the  Mercury. 

OBSERVATIONS. 

Mercury  is  never  mineralized  in  the  bov/els  of 
the  earth  by  any  thing  but  Sulphur ; with  which  it 
forms  a compound  of  a brownifh  red  colour,  known 
by  the  name  of  Cinabar. 

Sometimes  it  is  only  mixed  with  earthy  and  ftony 
matters  that  contain  no  Sulphur  ; but  as  this  me- 
tallic fubftance  is  never  deftitute  ofits  phlogifton, 
it  then  has  its  metalline  form  and  properties.  When 
it  it  found  in  this  condition,  nothing  ismoreeafy 
than  to  feparateitfromthofe  heterogeneous  matters.  . 
For  that  purpofe  no  more  is  requifite  than  to  diftill 
the  whole  with  a fire  ftrong  enough  to  raife  the 
Mercury  in  vapours.  This  mineral  is  volatile;  the 
earthy  and  ftony  matters  are  fixed  ; and  a certain 
degree  of  heat  will  effed  a complete  fepuration  of 
what  is  volatile  from  what  is  fixed. 

This  is  not  the  cafe  when  Mercury  is  combined 
with  Sulphur  : for  this  latter  mineral  is  volatile  as 
well  as  Mercury;  and  the  compound  refulting  from 
the  union  of  them  both  is  alfo  volatile  : fo  that 
if  Cinabar  were  expoled  to  the  fire  in  dole  veffels, 

as 
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as  it  muft  be  to  fave  the  Mercury,  it  would  be 
fublimed  in  fubftance,  without  being  decompofed 
at  all. 

In  order  therefore  to  feparate  thefe  two  fubftances 
from  each  other,  we  mult  have  recourfe  to  the  in- 
terpofition  of  fome  third,  which  hath  a greater  af- 
finity with  one  of  them  than  the  other  hath,  and 
no  affinity  with  that  other. 

Iron  hath  all  the  conditions  requifite  for  this  pur- 
pole ; feeing  it  hath,  as  may  be  feen  in  the  Table, 
a much  greater  affinity  with  Sulphur  than  Mercury 
hath,  and  is  incapable  of  contrading  any  union 
with  Mercury. 

Iron,  however,  is  not  the  only  fubftance  that  may 
be  employed  on  this  occafion  : Fixed  Alkalis,  Ab- 
forbent  earths.  Copper,  Lead,  Silver,  Regulus  of 
Antimony,  have  all,  as  well  as  Iron,  a greater  affi- 
nity than  Mercury  with  Sulphur.  Nay,  feveral  of 
thefe  fubftances,  namely,  the  faline  and  earthy  Al- 
kalis, as  well  as  Regulus  of  Antimony,  cannot  con- 
trad  any  union  with  Mercury : the  reft,  to  wit,  Cop- 
per, Lead,  and  Silver,  are  indeed  capable  of  amal- 
gamating with  Mercury ; but  then  the  union  which 
tii tie  metals  contrad  with  the  Sulphur  prevents  it  j 

and  even  tho’theyffiould  unite  with  this  metallic  fub- 
ftance, the  degree  of  heat  to  which  the  whole  mixture 
is  expoled  would  foon  carry  up  the  Mercury,  and 
fepai ate  it  with  eafe  from  thofe  fixed  fubftances. 

In  this  diftillation  the  fame  cautions  muft  be  ob- 
ferved  as  in  all  others  : that  is,  the  veflels  muft  be 
fiowly  heated,  efpecially  if  a glafs  retort  be  ufed  - 
the  fire  muft- be  raifed  by  degrees,  and  a much 
ltronger  one  applied  at  laft  than  at  firft.  This 
operation  particularly  requires  a very  ftroncr  de- 
gree of  fire,  when  there  is  but  a fmall  quanntv  of 
Mercury  left. 

After  the  operation  there  remains  in  the  retort  a 
compound  of  Iron  and  Sulphur,  which  may  eafily 

8'  be 
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be  converted  into  a crocus,  by  calcining  it  and 
burning  away  the  Sulphur. 

If  a Fixed  Alkali  be  employed,  a Liver  of  Sulphur 
Will  be  found  in  the  retort  after  the  diftillarion. 

If  the  Cinabar  from  which  you  extract  the  Mer- 
curial be  good,  you  will  generally  obtain  feven 
eighths  of  its  weight  in  Quick-filver. 

In  the  prefen t operation  it  is  not  neceflfary  to  lute 
on  the  receiver,  becaufe  the  water,  in  which  thenole 
of  the  retort  is  plunged,  is  fufficient  to  fix  the  Mer- 
curial vapours.  In  cafe  the  Cinabar,  from  which 
you  intend  to  feparate  the  Mercury,  be  mixed  with 
s a great  quantity  of  heterogeneous,  but  fixed,  mat- 
ters, fuch  as  earths,  ftones,  &c.  it  may  be  fepa- 
rated  from  them  by  fubliming  it  with  a proper  de- 
gree of  heat,  becaufe  it  is  volatile. 

The  vapours  of  Mercury  are  prejudicial,  and 
may  excite  a falivation*  tremors,  and  palfies  ; they 
fhould  therefore  be  always  avoided  by  fuch  as 
work  on  this  mineral. 

The  oldeft  and  richeft  mine  of  Mercury  is  that  of 
Almaden  in  Spain.  It  is  a lingular  property  of  that 
mine  that,  though  the  Mercury  found  in  it  is  com- 
bined with  Sulphur,  and  in  the  form  of  Cinabar, 
yfetno  additarrrent  is  required  to  procure  thefepara- 
tion  of  thefe  two;  the  earthy  and  fcony  matter,  with 
which  the  particles  of  the.  ore  are  incorporated,  be- 
ing it'felf  an  excellent  abforbent  Of  Sulphur. 

In  the  Quick-filver  works  carried  on  at  this  mine 
they  make  no  ule  of  retorts.  They  place  lumps  of 
the  ore  on  an  iron  grate,  which  (lands  immediately 
over  the  furnace.  The  furnaces  which  ferye  for  this 
operation  are  clofed  at  the  top  by  a fort  of  dome, 
behind  which  Hands  thefhafrof  achimney  that  com- 
municates with  the  fire-place,  and  gives  vent  to  the 
fmoke.  Thefe  furnaces  have  in  their  fote-fide  fix- 
teen  apertures,  to  each  of  which  is  luted  an  aludel 
in  a horizontal  poiition,  communicating  with  a 

long 
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long  row  of  other  aludels  placed  likewife  in  an  ho- 
rizontal direction;  which  aludels  fo  connected  to- 
gether form  one  long  pipe  or  canal,  the  further 
end  whereof  opens  into  a chamber  deftined  to  re- 
ceive and  condenfe  all  the  mercurial  vapours. 
Thefe  rows  of  aludels  are  fupported  from  end  to 
end  by  a terra fs,  which  runs  from  the  body  of  the 
budding,  wherein  the  furnaces  are  eredted,  to  that 
where  the  chambers  are  built  that  perform  the  of- 
fice of  receivers. 

This  is  a very  ingenious  contrivance,  and  faves 
much  labour,  expence,  and  trouble,  that  would  be 
unavoidable  if  retorts  were  employed. 

That  part  of  the  furnace  which  contains  the 
lumps  of  ore,  ferves  for  the  body  of  the  retort  ; 
the  row  of  aludels  for  its  neck } and  the  little 
chambers  in  which  thefe  canals  terminate  are  ac- 
tual receivers.  The  terrafs  of  communication, 
wfucn  reaches  from  the  one  building  to  the  other, 
is  formed  of  two  inclined  planes,  the  lower  edo-es 
m which,  meeting  in  the  middle  of  the  terrafs,  rife 
11  om  thence  infenfibly ; the  one  quite  to  the  build- - 
ing  where  the  furnaces  are,  and  the  other  to  that 
wnich  forms  the  recipient  chambers.  By  this 
means,  when  any  Mercury  efcapes  through  the 
jomts  of  the  aludels,  it  naturally  runs  down  along 
nele  inclined  planes,  and  fo  is  colle&ed  in  the 
middle  of  the  terrafs,  where  the  inferior  tides  of 
t le  planes  meeting  together  form  a fort  of  canal, 
out  of  which  it  is  eaiily  taken  up 

The  celebrated  M.  de  Juffieu  having  viewed  the 
w olehimfelf,  in  a journey  he  made  to  this  mine, 
lurniihed  us  with  a defection  of  the  work. 
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PROCESS  II. 

To  give  Mercury , by  the  action  of  Fire , the  appear- 
ance of  a Metalline  Calx. 

PUT  Mercury  into  feveral  little  glafs  matrafles 
with  long  and  narrow  necks.  Stop  the  ma- 
trafifes  with  a little  paper,  to  prevent  any  dirt  from 
falling  into  them.  Set  them  all  in  one  fand-bath, 
fo  that  they  may  be  furyounded  with  fand  as  high  as 
two  thirds  of  their  length.  Apply  the  ftrongeft  de- 
gree of  heat  that  Mercury  can  bear  without  fublim- 
ing  : continue  this  heat  without  interruption,  till  all 
the  Mercury  be  turned  to  red  powder.  The  ope- 
ration lads  about  three  months. 

OBSERVATIONS . 

Mercury  treated  according  to  the  procefs  here 
delivered  hath  all  the  appearance  of  a metalline  calx, 
but  it  hath  no  more  : for,  if  it  be  expofed  to  a pretty 
llrong  degree  of  fire,  it  fublimes,  and  is  wholly  rec 
duced  to  running  Mercury,  without  the  addition  of 
•any  other  inflammable  matter ; which  proves  that 
during  this  long  calcination  it  loft  none  of  its 

O O 

phlogifton. 

The  volatile  nature  of  Mercury,  which  permits  it 
not  to  bear  a heat  of  any  ftrength  without  fublim- 
ing,  prevents  our  examining  all  the  effedts  that  fire 
is  capable  of  producing  on  it.  Yet  there  is  reafon 
to  believe  that,  as  this  metallic  fubftance  refembles 
theperfedt  metals  in  its  weight,  its  fplendour,  and 
a brilliancy  which  refills  all  the  impreflions  of  the 
air  without  alteration,  it  would  like  them  be  un- 
changeable by  the  greatefl:  force  of  fire,  if  it  were 
fixed  enough  to  bear  it. 

In  order  to  give  Metrury  the  form  of  a metalline 
*alx,  it  muft  necefiarily  be  expofed  for  about  three 

months 
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months  together,  to  the  utmoft  heat  it  can  bear 
without  fob-liming,  as  is  above diredted.  Boerhaave 
kept  it  digefting  in  a Iefs  heat  for  fifteen  years  fuc- 
ceffively,  both  in  open  and  in  clofe  veffels,  without 
oblerving  it  to  fuffer  the  leaft  change  ; except  that 
there  was  formed  upon  its  furface  a fmall  quantity 
of  a black  powder,  which  was  reduced  to  running 
'Mercury  by  trituration  alone.  ^ 

Mercury  thus  converted  to  ared  powderisknown 
’ in  chymiftry  and  medicine  by  the  name  ot  Mercury 
Precipitated  per  Je:  a title  proper  enough,  as  it  is 
adtually  reduced  to  the  form  of  a precipitate,  and 
:hat  without  any  additament;  but  very  improper  on 
:he  other  hand,  confidering  that  in  reality  this  Mer- 
cury is  not  a precipitate,  asnothavingbeen  feparat* 
id  from  any  menftruum  in  which  it  was  diffolved. 


PROCESS  III. 

dijfolve  Mercury  in  the  Vitriolic  Acid . Turhith 

Mineral . 

PU  T Mercury  into  a glafs  retort,  and  pour  on 
Jt  thrice  its  weight  of  good  Oil  of  Vitriol, 
et  the  retort  in  a fand-bath ; fit  on  a recipient  • 
-arm  the  bath  by  degrees  till  the  liquor-juft  <}mi 
let.  With  this  heat  the  Mercury  will  beoin  to 

i/folve.  Continue  the  fire  in  this  degree  till  all 
ie  Mercury  be  difTolved. 

O BSER  V A TIO  NS. 

The  Vitriolic  Acid  diffolvesMercury  pretty  well" 
Jt  f?r.t1hls  P^rP°^  the  Acid  muft  be  very  fior  or 
^en  bod  j and  then  coo  it  is  a very  long  time  before 
*ediffolution  is  completed.  We  have  directed  the 
| aeration  to  be  performed  in  a retort;  becaufe  this 

• tioncall  “ki  .e'T,P]oved  to  make  another  prepa- 
“ h * l dJ n rh,A Mtneral>  which  req u ires  th ai  as 
Vo  k Poffibieof  the  Acid  folvent  be  abltratted  by 
°L,i-  Dd-  diftil- 
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diftillation.  Having  therefore  diffolw  ..your  Mer- 
cury in  the  Vitriolic  Acid,  if  you  wiJ;  ,ow  prepare 
the  Turbith,  you  mult,  by  continuing  to  heat  the 
retort,  drive  over  all  the  liquor  into  the  receiver, 
and  diftill  till  nothing  remains  but  a white  pow- 
dery matter  : then  break  the  retort : pulverize  its 
contents  in  a glafs  mortar,  and  thereon  pour  com- 
mon water,  which  will  immediately  turn  the  white 
matter  of  a lemon  colour 3 walh  this  yellow  matter 
in  five  or  fix  warm  waters,  and  it  will  be  what  is 
called  in  medicine  Turbith  Mineral that  is,  a com- 
bination of  the  Vitriolic  Acid  with  Mercury,  five 
or  fix  grains  whereof  is  a violent  purgative,  and 
alfo  an  emetick  ; qualities  which  it  poffefles  in 
common  with  the  Vegetable  Turbith,  whofe  name 
it  hath  therefore  taken. 

There  rifes  out  of  the  retort,  both  while  the 
Mercury  is  diflolving,  and  while  the  folvent  is  ab- 
ftratting,  a weak  Spirit  of  Vitriol  j becaufe  a great 
part  of  the  Acid  remains  united  with  the  Quick- 
silver, which  at  laft  appears  in  the  form  of  a white 
powder : fo  that  if  you  do  not  incline  to  fave  the 
Acid  which  rifes  on  this  occafion,  you  may,  inftead 
of  drawing  off  the  liquor  in  a retort,  evaporate  it 
in  a glafs  bafon  let  on  a land-bath,  which  will  be 

much  l'ooner  done.  . ' 

It  is  very  remarkable  that,  on  this  occafion,  the 
Mercury  may  be  expoled,  without  any  danger  of 
fubliming,  to  a much  greater  heat  than  it  is  capable 
of  bearing  when  not  combined  with  the  Vitnolic 
x\cid  3 which  fhews  that  this  Acid  hath  the  pro- 
perty of  fixing  Mercury  to  a certain  degree. 

The  white  matter,  that  remains  after  the  evapo- 
ration of  the  fluid,  is  one  of  the  molt  violent  cor- 
rofives,  and  would  prove  an  actual  poifon  if  taken* 
internally.  By  walking  it  feveral  times  in  warm 
water  it  is  freed  from  a great  deal  of  its  Acid,  and 
fo  confiderably  fweetened.  The  proof  is  this  ; if 
the  water  ufed  in  walhing  the  Turbith  be  evapo- 

o filCpUj  I 
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rated;,  there  remains  after  the  evaporation  a matter 
in  form  of  a Salt,  that  being  let  in  a cellar  runs 
into  a liquor  called  Oil  of  Mercury , which  is  a 
powerful  corrofive.  Several  authors  further  diredt 
.Spirit  of  Wine  to  be  burnt  on  the  Turbith,  to 
fweeten  it  ftill  more. 

If  inftead  of  walking  the  white  matter  that  re- 
mains after  the  moifture  is  drawn  off,  frefli  Oil  of 
Vitriol  be  poured  on  it,  and  then  abftracted  as  be- 
fore; this  treatment  being  repeated  two  or  three 
•times,  there  will  at  laft  remain  in  the  retort  a mat- 
ter having  the  appearance  of  an  oil,  which  refills 
;the  aclion  of  the  fire,  and  cannot  be  defecated  : 

■ qualities  which  are  owing  to  the  great  quantity  of 
•Acid  particles  thus  united  with  theMercury.  This 
Oil  of  Mercury  is  one  of  the  mod  violent  corro- 
des. The  Mercury  may  be  feparated  therefrom, 
iby  precipitating  it  with  an  Alkali,  or  a metallic 
Vubtlance  that  hath  more  affinity  than  Mercury 
'-  with  the  Vitriolic  Acid  : Iron,  for  inftance,  may  be 
employed  in  this  precipitation.  Mercury  thus  ie~ 
marated  from  the  Vitriolic  Acid  need  only  be  dif- 
: tilled  to  recover  the  form  of  Quick-filver. 


PROCESS  IV. 

To  combine  Mercury  with  Sulphur.  JEthiops  Mineral . 

MI  X a dram  of  Sulphur  with  three  drams  of 
Quick-filver,  by  triturating  the  whole  in  a 
glafs  mortar  with  a glafs  peftle.  By  degrees,  as 
rou  triturate,  the  Mercury  will  difappear  and  the 
matter  will  acquire  a black  colour.  Continue  the 
;riture  till  you  cannot  perceive  the  lead  particle  of 
unning  Mercury.  The  black  matteryou  will  then 
ave  in  the  mortar  is  known  in  medicine  by  the 
ameof  sEthiops  Mineral . An  Aithiops  mayalfo 
i.e  made  by  fire  in  the  following  manner. 

D d 2 
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In  a {hallow  unglazed  earthen  pan  melt  one  p^. 
of  flowers  of  Sulphur  : add  three  parts  of  running 
Mercury,  making  it  fall  into  the  pan  in  the  form  of 
fmall  rain,  by  Squeezing  it  through  chamoy  leather. 
Keep  fhirring  the  mixture  with  the  Shank  of  a to- 
bacco-pipe all  the  while  the  Mercury  is  falling  : 
you  will  fee  the  matter  grow  thick  and  acquire  a 
black  colour.  When  the  whole  is  thoroughly 
mixed,  fet  fire  to  it  with  a match,  and  let  as  much 
of  the  Sulphur  burh  away  as  will  flame. 

OBSERVATIONS. 

Mercury  and  Sulphurunite  together  with  great 
eafe  ; cold  triture  alone  is  Sufficient  to  join  them. 
By  this  means  the  Mercury  is  reduced  into  exceed- 
ing fmall  atoms,  and  combines  fo  perfectly  with 
the  Sulphur,  that  the  leaft  veftige  thereof  is  not  to 

be  feen.  . 

Sulphur  is  not  the  only  matter  winch  being  rub- 
bed with  Mercury  will  deftroy  its  form  and  fluidity: 
all  fat  fubftances  that  have  any  degree  of  confidence, 
fuch  as  the  fat  of  animals,  balfams,  and  refins,  are 
capable  of producing  the  fame  effedL  This  metal- 
licfubftance,  being  triturated  for  fome  time  in  a 
mortar  withthefe  matters,  becomes  at  laftinvifible,  j 
and  communicates  to  them  a blacK  colour.  Wlien  . 
thus  divided  by  the  interposition  of  heterogeneous 
particles,  it  is  faid  to  be  Killed.  But  Mercury  j 
doth  not  contradt  fuch  an  intimate  union  with 
thefe  other  matters  as  it  dotkwith  Sulphur. 

The  iTthiops  prepared  byfufionis  a more  per- 
fect and  accurate  combination  of  Mercury  and  Sul-, j 
phu.r  than  the  other  : for,  the  quantity  of  Sulphur^ 
directed  to  beufed  inmakingit  being  much  greater1 
than  is  abfolutely  neceflary  to  fix  the  Mercury,  the 
redundant  Sulphur  is  deftroyed  by  burning,  and. 
none  left  but  what  is  mod  intimately  united  with 
the  Mercury,  and  hindered  by  the  union  it  hath 
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contraded  with  that  metallic  fubftanc'e  from  being 
foeafily  confumed.  TheiEthiops  therefore,  which 
is  prepared  by  fufion  and  burning  the  Sulphur, 
contains  a much  greater  proportion  of  Mercury 
than  that  which  is  made  by  fimple  triture ; fo  that 
in  Medicine  it  ought  to  be  prefcribed  in  different 
cafes,  and  in  fmaller  dofes. 

If  no  more  Sulphur  than  is  juft  neceffary  to  kill 
the  Mercury  be  added  to  it  at  firft,  it  will  be  dif- 
ficult to  obtain  a perfed  mixture ; becaufe  that 
quantity  is  very  fmall  : it  is  better  therefore  to 
employ  at  once  the  quantity  above  direded. 


PROCESS  y. 


To  fublime  the  combination  of  Mercury  and  Sulphur 

into  Cinabar. 

GRIND  to  powder iEthiops  mineral  prepared 
by  fire.  Put  it  into  a cucurbit ; fit  thereto  a 
head;  place  it  in  afand-bath,  and  begin  with  apply- 
ing fuch  a degree  of  heat  as  is  requifite  to  fublime 
Sulphur.  A black  matter  will  rife,  and  adhere  to 
the  fides  of  the  veffel.  When  nothing  more  will 
rife  with  this  degree  of  heat,  raife  the  fire  fo  as  to 
make  the  fand  and  the  bottom  of  the  cucurbit  red  ; 
and  then  the  remaining  matter  will  fublime  in  the 
form  of  a brownifh  red  mafs,  which  is  true  Cinabar. 


OBSERVATIONS. 

Althiops  Mineral  requires nothingbutfublima- 
>tion  to  become  true  Cinabar,  like  that  found  in 
(Quick-filver mines:  but  our iEthiops  contains  ftill 
'more  Sulphur  than  ought  to  be  in  the  compofition 
of  Cinabar  ; for  which  reafon  we  have  direded  the 
degree  of  fire  applied  at  firft  to  be  no  greater  than 
that  which  is  capable  of  fubliming  Sulphur.  As 
Cinabar,  though  confiding  of  Mercury  and  Sul- 

^ ^ 3 phur. 
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phur,  is  yet  much  lefs  volatile  than  either  of  thefe 
fubftances  alone  ; which  probably  arifes  from  the 
Vitriolic  Acid  contained  in  the  Sulphur ; there- 
fore, if  there  be  any  redundant  Sulphur  in  the 
iEthiops,  which  hath  not  contradted  an  intimate 
union  with  the  Mercury,  it  will  iublime  by  itfelf 
in  this  firft  degree  of  heat.  Some  mercurial  parti- 
cles alfowill  rife  with  it,  and  give  it  a black  colour. 

Cinabar  contains  no  more  Sulphur  than  about  a 
fixth  or  feventh  part  of  its  weight ; fo  that,  inftead 
of  employing  the  common  ffEthiops  to  make  it,  it 
would  be  better  to  prepare  one  on  purpofe  that 
fhould  contain  much  lefs  Sulphur;  becaufe  too 
much  Sulphur  prevents  the  fuccefs  of  the  operation 
by  blackening  the  Sublimate.  Indeed  in  whatever 
manner  you  go  about  it,  the  Cinabar  always  ap- 
pears black  at  firft  : but  when  it  is  well  prepared, 
and  contains  no  more  than  its  due  proportion  of 
Sulphur,  the  blacknefs  is  only  external.  This 
black  coat  therefore  may  be  taken  off : and  then 
the  internal  part  will  appear  of  a fine  red,  and,  if 
fublimed  a fecond  time,  will  be  very  beautiful. 

As  artificial  Cinabar  hath  the  fame  properties 
with  the  native,  it  may  be  decompofed  by  the  fame 
means : fo  that,  if  you  want  to  extrad  the  Mercury 
out  of  it,  recourfe  muff  be  had  to  the  procefs  above 
delivered  for  working  on  Cinabar  ores. 


PROCESS  VI. 


To  dijfolve  Mercury  in  the  Nitrous  Acid.  Sundry 
Mercurial  Precipitates. 

P U T into  a matrafs  the  quantity  of  Mercury 
you  intend  to  diffolve  : pour  on  it  an  equal 
quantity  of  good  Spirit  ofNitre,  and  fet  thematralsj 
in  a fand-bath  moderately  heated.  The  Mercury' 
will  diffolve  with  thephenomenathat  uiually  attend 

* the 
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the  diiTolutions.  of  metals  in  this  Acid.  When 
the  diffolution  is  completed  let  the  liquor  cool. 
You  will  know  that  the  Acid  is  perfectly  iatu  rated, 
if  there  remain  at  the  bottom  of  the  veffel,  not- 
withstanding the  heat,  a little  globule  of  Mercury 
that  wiil  not  dilfolve. 

0 B S ERVAP 10  NS. 

Mercury  diffolves  in  the  Nitrous  Acid  with 
much  more  facility,  and  in  much  greater  quantity, 
than  in  the  Vitriolic;  fo  that  it  is  not  necelfary,  on 
this  occafion  to  make  the  liquor  boil.  This  folu- 
tron  when  cold  yields  cryftals,  which  are  a Nitrous 
Mercurial  Salt.  If  you  defire  to  have  a clear  lim- 
pid folution  of  Mercury,  you  mull  employ  an  Aqua 
Fortist hat  is  not  tainted  with  theVitriolicor  Marine 
Acid  : for,  the  affinity  of  thefe  two  Acids  with 
Mercury  being  greater  than  that  of  the  Nitrous 
Acid,  they  precipitate  it  in  the  form  of  a white 
powder,  when  they  are  mixed  with  the  folvent. 

Mercury  thus  precipitated  in  a white  powder,  out 
of  a folution  thereof  in  the  Spirit  of  Nitre,  is  ufed 
in  Medicine.  To  obtain  this  precipitate,  which  is 
known  by  the  name  of  the  White  Precipitate,  Sea- 
fait  diffolved  in  water  together  with  a little  Sal  Am- 
moniacisufed ; and  the  precipitate  iswafhedfeveral 
times  in  pure  water,  without  which  precaution  it 
would  be  corrofive,  on  account  of  the  great  quan- 
tity of  the  Marine  Acid  which  it  would  contain. 

The  preparation  known  by  the  name  of  Red  Pre- 
cipitate is  alfo  obtained  from  our  folution  of  Mer- 
cury in  Spirit  of  Nitre.  It  is  made  by  abftratfhng 
all  the  mo  i flu  re  of  the  folution,  either  by  diftillation 
in  a retort,  or  by  evaporation  in  a glafs  bafon  fet  on 
a fand-bath.  When  it  begins  to  grow  dry  it  appears 
like  a white  ponderousmafs.  Then  the  fire  is  made 
ftrong  enough  to  drive  off  almoft  all  the  Nitrous 
Acid,  which,  being  now  concentrated,  rifes  in  the 

D d 4 , form 
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form  of  red  vapours.  If  thefe  vapours  be  catched 
in  areciver,  they  condenfe  into  a liquor,  which  is 
a very  ftrong  and  vaftly  fmoking  Spirit  of  Nitre. 

By  degrees,  as  the  Nitrons  Acid  is  forced  up  by 
the  fire,  the  mercurial  mafs  lofes  its  white  colour, 
and  becomes  firft  yellow,  and  at  laft  very  red. 
When  it  is  become  entirely  of  this  laft  colour  the 
operation  is  finished.  The  red  mafs  remaining  is  a 
Mercury  that  contains  but  very  little  Acid,  in  com- 
parifon  of  what  it  did  while  it  was  white:  and  in- 
deed the  firft  white  mafs  is  fuch  a violent  corrofive, 
thatit  cannot  beufed  in  Medicine;  whereas,  when  it 
is  become  red,  it  makes  an  excellent  efcharotic,  which 
thofe  who  know  how  to  ufe  it  properly  apply  with 
very  great  fuccefs,  particularly  to  venereal  ulcers. 

This  preparation  is  very  improperly  called  a 
Precipitate : for  the  Mercury  is  not  Separated  from 
the  Spirit  of  Nitre  by  the  interpolation  of  any 
other  fubftance,  but  only  by  evaporating  the  Acid. 
It  is  alfo  called  Arcanum  Corallinum. 

It  muff  be  obferved  that  Mercury,  by  its  union 
with  the  Nitrous  Acid,  acquires  a certain  degree 
of  fixity  for  the  red  precipitate  is  capable  of 
fuftaining,  without  being  volatilized,  a ftronger 
degree  of  heat  than  pure  Mercury  can  ; which,  as 
we  obferved  before,  is  the  property  of  Turbith 
mineral  alfo. 


PROCESS  VII. 

5 to  combine  Mercury  with  the  Acid  of  Sea-falt. 
Corrofive  Sublimate. 

EVAPORATE  a folution  of  Mercury  in  the 
Nitrous  Acid  till  there  remain  only  a white 
powder,  as  mentioned  in  our  obfervations  on  the 
preceding  proccfs.  With  thispowder  mix  as  much 
Green  Vitriol  calcined  to  whitenefs,  and  as  much 
decrepitated  Sea-fair,  as  there  was  Mercury  in  the 

folution. 
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Elution.  Triturate  the  whole  carefully  in  a o-lafs 
mortar.  Put  this  mixture  into  a matrafs,  fo°that 
two  thirds  thereof  may  remain  empty,  having  fird 
cut  off"  the  neck  to  half  itslength  : or  inftead  thereof 
you  may  ufe  an  apothecary’s  phial.  Set  your  vef- 
iel  in  a fand-bath,  and  put  fand  round  it  as  hio-h  as 
the  contents  reach.  Apply  a moderate  fire  atTirft 
and  raife  it  by  How  degrees.  Vapours  will  b edn 
to  afcend.  Continue  the  fire  in  the  fame  deo-ree 
till  they  ceafe.  Then  flop  the  mouth  of  the  veffel 
wffh  paper,  and  increafe  the  fire  till  the  bottom  of 
the  Jand-bath  be  red-hot.  With  this  degree  of 
heat  a Sublimate  will  rife,  and  adhere  to  the  infide 
and  upper  part  of  the  veffel,  in  the  form  of  white 
femi-tranfparent  cryftals.  Keep  up  the  fire  to  the 
lame  degree  till  nothing  more  will  fublime.  Then 
let  the  veffel  cool ; break  it,  and  take  out  what  is 
iu burned,  which  is  Corrofive  Sublimate. 


observatio  NS. 


In  this  operation  the  mineral  Acids  ad,  and  are 
aded  upon,  in  a remarkable  manner.  Every  one  of 
the  three  is  at  fir  ft neutralized,  or  united  with  a dif- 
t Tr  ka^1S » r^e  Vitriolic  being  combined  with  Iron  * 
tne  Nitrous  with  Mercury,  forming  therewith  aNi- 
trousMercurial  Salt;  and  the  Marine  with  its  natural 
Alkaline  balls.  The  Vitriolic  and  Nitrous  Acids 
which  are  united  with  metalline  fubftances,  bein^ 
both  ftronger  than  the  Acid  of  Sea-falt,  drive  tS 
expd  „ from  its  bafts,  in  order  to  combine  with  it 
them  fel  vis ; but  the  Vitriolic  Acid,  beino-  the 
firongeft  office  two  would  take  foie  pofieffion  of 
this  bads  exclufiveof  the  Nitrous,  which  would 
continue  united  with  the  Mercury,  if  the  Marine 
Acid  had  not  a greater  affinity  than  the  Nitrous 
with  this  metallic  Jubilance.  This  Acid  therefore  ' 
bemo  expelled  from  its  balls  by  the  Vitriolic  Acid, 
and  fo  let  at  liberty,  mult  unite  with  the  Mercury 
and  fcparare  the  Nitrous  Acid  from  it;  which  now 
thath  noiefouice  but  to  unite  with  the  Iron  deferred 

, . • br 
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by  the  Vitriolic  Acid.  But  as  all  thefe  changes 
are  brought  about  by  the  means  of  a confiderable 
heat,  and  as  the  Nitrous  Acid  hath  not  a very  firm 
connection  with  the  Iron,  it  is  driven  off  by  the 
force  of  the  fire;  and  this  it  is  which  we  fee  rife  in 
vapours  during  the  operation.  It  alfo  carries  off 
with  it  fome  parts  of  the  other  two  Acids,  but  in  a 
very  fmall  quantity.  After  the  operation, therefore 
there  remains,  1.  A combination  of  the  Vitriolic 
Acid  with  the  bafis  of  Sea-falt ; that  is  a Glauber’s 
Salt : a.  A red  martial  earth,  being  that  which 
was  the  bafis  of  the  Vitriol  : thefe  two  fubflances 
are  blended  together,  and  remain  at  the  bottom  of 
the  veffel  becaufe  of  their  fixity  : 3.  A combina- 
tion of  the  Marine  Acid  with  Mercury  ; both 
of  which  being  volatile,  they  afeend  together  into 
the  upper  part  of  the  veffel,  and  there  form  a Cor- 
rofive  Sublimate. 

If  we  refleft  on  this  procefs  with  attention,  and 
recoiled  diftindtly  the  affinities  of  the  different 
fubflances  employed  in  it,  we  fhall  perceive  that? 
it  is  not  neceffary  to  make  ufeof  all  thofe  matters, 
and  that  the  operation  would  fucceed  though  fe- 

veral  of  them  were  left  out. 

Firft,  the  Nitrous  Acid  may  be  omitted;  fince, 
as  hath  been  ffhewn,  it  is  not  an  ingredient  in  the 
Sublimate,  but  is  diffipated  in  vapours  during  the 
operation.  From  an  accurate  mixture  therefore 
of  Vitriol,  Sea-falt,  and  Mercury,  aCorrofive  Sub  1- 
mate  muff  be  obtained:  for  as  the  Acid  of  the  V 1- 
triol  will  difengage  the  Acid  of  Sea-falt,  the  laaer 
will  be  at  liberty  to  combine  with  the  Mercury, 
and  fo  form  the  compound  we  are  m queftof. 

Secondly,  if  we  make  ulepf  Mercury  diffolved 
by  the  Nitrous  Acid,  we  may  omit  the  Vitriol;  be- 
c au fe  the  Ni trou s Acid  h av i n g a greater  affi  n 1 ty  than 
theMarineAcid  itfelf  with  the  bafisof  Sea-lalr,  and 
the  Acid  of  Sea-falt  having  a greater  affinity  than 
the  Nitrous  Acid  with  Mercury,  thefe  two  Acids 
will  naturally  make  an  exchange  of  the  haf^wnh 
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which  they  are  united  : the  Nitrous  will  lay  hold 
on  the  bafis  of  Sea-falt,  and  torm  a quadrangular 
Nitre,  while  the  Marine  Acid  will  join  the  Mer- 
cury, and  with  it  form  a Corrofive  Sublimate. 

Thirdly,  inftead  of  Sea-falt  its  Acid  only  may  be 
employed;  which  being  mixed  with  the  folution  of 
Mercury  in  the  Spirit  ofNitre,  will,  by  virtue  of  its 
greateraffinitv with thatmetallicfubftance,  feparate 
it  from  the  Nitrous  Acid,  unite  with  it,  and  form  a 
white  mercurial  precipitate,  which  need  only  be 
fublimed  to  become  the  combination  reouired. 

Fourthly,  inflead  of  Mercury  dilfolved  in  the 
Nitrous  Acid,  Mercury  dilfolved  by  the  Vitriolic 
Acid,  or  1 urbith,  may  be  ufed  ; only  mixing  Sea- 
lalt  therewith  : for  the fe  two  faline  fubftances  will 
mutualjy  decompound  each  other,  by  virtue  of  the 
aff  air  of  their  Acids,  and  for  the  fame  reafon' 
that  Sea-fait  and  the  Mercurial  Nitrous  Salt  de- 
compeund  each  other.  The  Vitriolic  Acid  quits 
the  Mercury  with  which  it  is  combined,  to  unite 
with  the  bafis  of  the  Sea-falt;  and  the  Acid  of  this 
Salt  being  expelled  by  the  Vitriolic,  combines 
with  the  Mercury,  and  confequently  forms  our 
Corrofive.  oublimate.  In  this  cafe  a Glauber’s 
~a,t  remains  a<.ter  the  fublimation. 

Thefe  federal  methods  of  preparing  Corrofive 
Suohmate  are  never  ufed,  becaufe  each  of  them 
is  attended  with  fome  inconvenience  ; fttch  as  re 
qumng  too  long  triture,  yielding  a Sublimate  lefs 
corrofive  than  ,t  ffiouid  be,  or  t fmaller  quantity 
or  it.  We  mult,  however,  except  the  la  ft;  which 
was  invented  by  the  late  Mr.Botdduc,  of  the  Aca- 
demy of  Sciences,  who  found  none  of  thefe  incon- 
veniences  attending  it  *. 

Corrofive  Sublimate  may  alfo  be  made  only  bv 
mixing  Mercury  with  Sea-falt,  without  any  addita- 

der  that  ’'A"11y'LPpearri'rl5nzmgwhe»  weconfi- 
det  that,  as  Acids  have  a greater  affinity  with  Alka- 

* See  the  Memoirs  of  the  Academy  for  ,730 
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I is  than  with  metallic  fubflances,  the  Acid  of  Sea- 
fait  ought  not  to  quit  its  bafis,  which  is  Alkaline, 
to  unite  with  Mercury. 

In  order  to  explain  this  phenomena  it  mull  be 
remembered  that  Sea-falt,  when  expofed  to  the  fire 
without  additament,  fuffers  a little  of  its  Acid  to 
efcape.  Now  this  portionof  theMarine  Acidunites 
with  the  Mercury,  and  forms  a'Corrofive  Sublimate. 
Moreover,  as  thereis  a pretty  ftrong affinity  between 
theMarine  Acid  and  Mercury,  this  may  help  to  de- 
tach from  the  Sea-falt  a greater  quantity  of  Acid 
than  it  would  otherwife  part  with.  NeVerthelefs 
the  quantity  of  Sublimate  obtained  by  this  means 
is  not  confiderable,  nor  is  it  very  corrofive. 

On  this  occafion  we  muft  alfo  mention  another  ' 
combination  of  the  Marine  Acid  with  Mercury; 
which  is  made  by  mixing  that  metallic  fubftance 
perfectly  with  Sal  Ammoniac,  by  the  means  of 
triture.  Mercury,  like  all  other  metals  except 
Gold,  poffelfes  the  property  of  decompounding 
Sal  Ammoniac,  feparatingthe  Volatile  Alkali  which 
ferves  it  for  a bafis,  and  combining,  by  the  help  of 
a very  gentle  heat,  with  its  Acid,  which  is  well 
known  to  be  the  fame  with  that  of  Sea-falt.  This 
decompofitionof  Sal  Ammoniac,  by  the  metalline 
fubftances,  is  a full  exception  to  the  firft  column 
of  Mr.  Geoffroy’s  Table  of  Affinities,  and  is  the 
bafis  of  feveral  new  medicines  invented  by  the  late 
Comte  de  la  Garaye*. 

Corrofive  Sublimate  is  the  moft  violent  and  the 
molt  adtiveofall  corrofive  poifons.  It  is  never ufed 
in  medicine,  but  in  external  applications.  It  is  a 
powerful  efcharotic ; it  deftroys  proud  flefh,  and 
cleans  old  ulcers : but  it  muft  be  ufed  by  thofe  only 
who  know  how  to  apply  it  properly,  and  requires  an 
able  hand  to  manage  it.  It  is  not  commonly  applied 
by  iifelf,  but  mixed  in  the  proportion  of  half  a dram 

* 'See  the  memoir  given  in  by  me  on  this  fubjeft  to  the 
Acadt-tfiy  of  Sciences  in  the  Memoires  P Academic  1754. 
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to  a pound  of  lime-water.  This  mixture  is  yel- 
lowish, and  bears  the  name  of  Aqua  Phagedenic a. 

Water  diffolves  Corrofive  Sublimate,  but  in  a 
fmall  quantity.  If  a Fixed  Alkali  be  mixed  with 
this  folution,  the  Mercury  precipitates  in  the  form 
of  a red  powder.  If  the  precipitate  be  procured  by 
a Volatile  Alkali,  it  is  white  ; if  by  Lime-water, 
it  is  yellow.  . This  Mercurial  Salt  diffolves  pretty 
eafdy  in  boiling  Spirit  of  Wine. 


PROCESS  VIII, 

Sweet  Sublimate. 

TAKE  four  parts  of  Corrofive  Sublimate;  pul- 
verife  it  in  a glafs  or  marble  mortar;  add  by 

little  and  little  three  parts  of  Mercury  re  vivified  from 

Cinabar;  triturate  the  whole  carefully,  till  the  Mer- 
cury be  perfectly  killed,  fo  that  no  globule  thereof 
can  be  perceived.  The  matter  will  then  be  grey. 
Put  this  powder  into  an  apothecary’s  phial,  or  into 
a matrafs,  whofe  neck  is  not  above  four  or  five 
inches  long,  leaving  two-thirds  thereof  empty. 
Set  the  veffel  in  a fand-bath,  and  put  fand  round  it 
to  one  third  of  its  heighth.  Apply  a moderate  fire 
at  firft;  and  afterwards  raife  it  gradually  till  you 
perceive  that  the  mixture  fublimes.  Keep  it  up  to 
this  degree  till  nothing  more  will  rife,  and  then 
break  the  veffel.  _ Rejed,  asufelefs,  a fmall  quan- 
tity of  earth  which  you  will  find  at  the  bottom ; 
leparate  alfo.  what  adheres  to  the  neck  of  the  veffel 
and  carefully  colled  the  matter  in  the  middle" 
which  will  be  white.  Pulverize  it ; fublime  it  a 
iecond  time,  in  the  fame  manner  as  before  ; and  in 
the  fame  manner  feparate  the  earthy  matter  left 
at  the  bottom  of  the  veffel,  and  what  you  find  fub- 
Jimedmto  the  neck.  Pulverize,  and  fublime  athird 
time,  the  white  matter  you  laft  found  in  the  mid- 
dle. 
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die.  The  white  matter  of  this  third  fublimation 
is  the  Sweet  Sublimate , called  a!fo  Aquila  Alba . 

OBSERVATIONS. 

The  Acid  of  Sea -fait  in  the  Corrofive  Sublimate 
is  very  far  from  being  perfectly  faturated  with  Mer- 
cury ; and  thence  comes  the  corrofive  quality  of 
this  faline  compound.  But  though  Mercury,  as 
appears  by  this  combination,  is  capableof  imbibing 
a much  greater  quantity  of  Acid  than  is  neceffary 
to  diffolve  it ; nay,  though  it  naturally  takes  up 
this  fuperabundant  quantity  of  Acid,  yet  it  doth 
not  follow  from  thence  that  this  redundant  Acid 
may  not  combine  with  Mercury  to  the  point  of 
perfedt  faturatipn,  fo  as  to  lofe  its  corrofive  acidity. 

This  is  the  cafe  in  the  operation  here  defcribed. 
A frefh  quantity  of  running  Mercury  is  mixed  with 
Corrofive  Sublimate;  and  the  frefh  Mercury,  com- 
bining with  the  fuper -abounding  Acid,  deprives 
the  Sublimate  of  its  acrimony,  and  forms  a com- 
pound which  comes  much  nearer  the  nature  of  a 
Neutral  Metallic  Salt. 

Trituration  alone  is  not  fufficient  to  produce  an 
union  between  the  newly  added  Mercury  and  the 
Acid  of  the  Corrofive  Sublimate;  becaule,  gene- 
rally fpeaking,  the  Acid  of  Sea-falt  cannot  diffolve 
Mercury  without  the  help  of  a certain  degree  oi 
heat,  and  unlels  it  be  reduced  into  vapours. 

Thus,  though  the  newly  added  Mercury  becomes 
invifible  by  trituration  and  leems  actually  combined 
with  the  Corrofive  Sublimate,  yet  the  union  is  not 
intimate  There  is  only  an  interpofition  or  parts, 
but  no  truediffolution  of  the  newly  addedMercury 
by  the  fuper-abundant  Acid  of  the  Corrofive  Suoli-^ 
mate.  For  this  reafon  the  mixture  rnuft  be  iu- 
blimed;  and  by  this  fublimation  only  is  the  true 
union  effected.  Nor  is  one  Angle  fublimation  iuir 
ficient:  no  lefs  than  three  are  necehary  to  deprive 
the  Sublimate  of  the  corrofive  quality  which  ren 
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ders  it  poifoncrus.  After  the  third  fublimation,  the 
Sublimate  being  put  upon  the  tongue  gives  no 
considerable  fenfation  of  acrimony  , nor  doth  ic 
retain  any  more  of  its  former  a&ivity  than  is  re- 
quire to  make  it  a gentle'purgative,  when  admi- 
niftered  from  fix  to  thirty  grains  for  a dofe. 

If  a lefs  quantity  of  Mercury  than  that  *above 
directed  be  mixed  with  the  Corrofive  Sublimate 
the  fuper- abundant  Acid  will  not  be  fufficiently 
laturated;  and  the  lefs  Mercury  is  added,  the  more 
of  its  corrofive  virtue  will  the  Sublimate  retain. 

If,  on  the  contrary,  a greater  quantity  of  Mer- 
cury be  added,  there  will  be  more  than  the  Acid 
can  pofiibly  dilfolve,  and  the  Superfluous  quantity 
will  remain  in  its  natural  form  of  Quick- filver 
It  is  better  therefore  to  err  in  the  excels  than  in 
the  defect  oftheproportion  of  Mercury  to  be  added  - 
becaufe  the  Corrofive  Sublimate  will  take  up  no 
more  than  is  neceflary  to  dulcify  it.  ^ 

Part  of  the  Acid  of  the  Corrofive  Seblimate  is 
alfo  difllpated  in  vapours  during  the  operation  - 
and  it  is  neceflary  to  allow  room  for  thefe  vapours 
to  circulate  and  a vent  to  give  them  pafia^e,  or 
elfe  they  will  burft  the  veflels.  Thefe  are  our 
reafons  for  leaving  an  empty  fpace  in  the  fhb- 
liming  veflels,  and  for  havingtheirnecks  no  more 
than  five  or  fix  inches  long.  ^ 

The  matter  which  fublimes  into  the  neck  of  the 
velfel  is  always  very  acrid  : for  which  reafon  ir 
muft  be  feparated  from  the  Sweet  Sublimate 
here  remains  alfo  at  the  bottom  of  the  matrafs 
an  earthy  reddifli  matter,  which  probably  comt 
from  the  Vitriol  employed  in  making  the  Corrofi  v^ 
Sublimate  1 his  matter  mufl  likewife  bereie^ed 
as  ufelefs  after  every  fublimation.  " ' ^ 
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PROCESS  IX. 

The  Panacea  of  Mercury. 

PULVERISE  fome  Sweet  Sublimate,  and 
fublime  it  in  the  fame  manner  as  you  did 
thrice  before.  ~ Repeat  this  nine  times.  After 
thefe  fublimations  it  will  make  no  impreffion  on 
the  tongue.  Then  pour  on  it  aromatic  Spirit  of 
Wine,  and  let  the  whole  in  digeftion  for  eightdays. 
After  that  decant  the  Spirit  of  Wine,  and  dry  what 
remains,  which  is  the  Panacea  of  Mercury. 

OBSERVATIONS. 

The  grear  number  of  fublimations,  which  the 
Sweet  Sublimate  is  made  to  undergo,  fweeten  it 
Hill  more,  and  to  fuch  a degree  that  it  leaves  no 
fenfation  on  the  tongue,  nor  hath  any  purgative 
virtue. 

The  Spirit  of  Wine,  in  which  it  is  digelted  after 
all  the  fublimations,  is  defigned  to  blunt  ftill  more 
the  fharpnefs  of  any  acid  particles  that  may  not 
have  been  fufficiently  dulcified  by  the  preceding 
fublimations. 

As  Mercury  is  the  fpecific  remedy  fod  venereal 
diforders,  fun-dry  preparations  thereof  have  been 
attempted  with  a view  to  produce  different  effedls. 
Sweet  Sublimate  is  purgative;  and  for  that  reafon 
is  not  quite  proper  for  procuring  a falivation,  be- 
caufe  it  carries  off  the  humours  by  ftool.  The 
Panacea  of  Mercury,  which,  on  the  contrary,  is 
not  purgative,  may  raife  a falivation  when  taken 
inwardly. 


End  of  the  First  Volume. 
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PLATE  FIRST. 

FIG.  I.  A Copper  Alembic „ 

A.  The  Cucurbite  or  Body. 

B.  The  Neck. 

C.  The  Head. 

D.  The  Beak,  Nofe,  or  Spout. 

E.  The  Refrigeratory,  or  Coolef. 

F.  Its  Cock, 

G.  The  Receiver. 

' ' ' ' 

F I G.  II.  A Glafs  Alembic, 

A.  The  Cucurbite. 

B.  The  Head. 

C.  The  Gutter  within  the  Head. 

D.  The  Beak. 

- * " ' * . ’ , 
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FIG.  Ill,  A long-necked  Glafs  Alembics 

A.  The  Body  of  the  Matrafs. 

B.  The  Neck. 

C.  The  Head. 


PLATE  SECOND. 

FIG.  I.  A Glafs  Alembic  of  one  Piece . 

\ ■* 

A.  The  Cucurbite. 

B.  The  Head. 

C.  The  Aperture  in  the  Head. 

D.  Its  Stopple. 

E.  The  Mouth  of  the  Cucurbite, 
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F I G.  Hr  A Pelican. 


A.  The  Cucurbite. 

B.  The  Head. 

C.  T.he  Aperture  in  the  Head,  with  its  Stopple* 

D.  D.  The  two  curved  Spouts. 


PLATE  THIRD. 

FIG.  I.  A Reverberating  Furnace. 

A.  The  Afh-hole  Door. 

B.  The  Fire-place  Door. 

C. C.C.C.  Regifters. 

D.  The  Dome,  or  Reverberatory. 

E.  The  Conical  Funnel. 

F.  The  Retort  in  the  Furnace. 

G.  The  Receiver. 

H.  H.  Iron  Bars  to  fuftain  the  Retort. 

* 

FIG.  II.  The  Conical  Funnel  by  it f elf. 

F I G.  III.  Back  View  of  a Muffle. 

A.  The  bottom  of  the  Muffle. 

B.  Its  Arch. 

C.  C.  C.  Lateral  apertures. 

F I G.  IV.  Fore  View  of  a Muffle . 

F I G.  V.  A Melting  Furnace. 

A.  A.  The  Bafe  of  the  Furnace. 

B.  The  A Ill-hole. 

C.  D,  The  Grate  for  the  Fire. 


FIG.  III.  A Row  of  Aludels , 

F I G.  IV.  'A  Retort . 


A.  Its  Bowl. 
JB.  Its  Neck. 


FIG.  V.  An  Englijh  Retort. 


E.  The 
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E.  The  Fire-place. 

F.  G.  H.  Curvature  of  the  infide  of  the  upper  part  of  the 
Fire-place. 

I.  The  Shaft  or  Chimney. 

* \ 

\ . . 
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PLATE  FOURTH. 

A Cupelling  Furnace. 

A.  The  Afh-hole. 

B.  B.  Its  Hiding  Doors. 

C.  The  Fire-place. 

D.  D.  Its  Hiding  Doors. 

E.  F.  Small  apertures  in  the  Sliders. 

G.  G.  Holes  for  Bars  to  bear  the  Muffles. 

H. H.  H.  Iron  braces  in  the  forepart  of  the  Furnace 
which  form  grooves  for  the  Doors  of  the  Fire-Dlacr 
and  Afh-hole  to  Hide  in. 

L The  upper  pyramidal  part  of  the  Furnace. 

K.  An  aperture  therein  for  managing  the  Coals. 

L.  The  opening  at  top. 

M.  The  Pyramidal  Cover. 

N.  The  Chimney  or  End  of  the  Shaft,  on  which  the 
conical  Funnel  may  be  fitted. 

O.  O.  O.  O.  Handles  for  moving  the  Aiding  Doors, 
r.  1 . Lars  of  the  Pyramidal  Cover. 

Plate'B;7he/UrnfCeS’  as  rePrefented  in  the  two  laft 
Cnnlir  % ,n  due  ProP°rtI°n  to  each  other.  The 

reftefl  to  “ murch  larger  than  itftould  be,  with 

relpett  to  the  Melting  Furnace.  Thefe  dimenfions  are 

tinfllv  Cn  1 n-  71 that  a11  lts  parts  might  be  more  dif- 

made  th*n  C°U,d  haVS  been  done  if  we  had 
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Comparative  Affinities 
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the  Characters  . 
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V Water 
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Explanation  of 

^Aad  Spirits  > V Abfor  bent  Earths 

-©  Marine  Acid  MS  Metallic  Suljtances 

*0  Nitrous  Add.  $ Mercury 
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